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PREFACE

This report was prepared by Dr. Jerry Brown, Chief, Earth Sciences
Branch, Research Divisirm, and Dr. Yin-Chao Yen, Geotechnical Research
Branch, Experimental Engineering Division, U.S. Army Cold Regions Re-
search and Engineering Laboratory. Funding was provided by CRREL for
Dr. Yen and partial travel funding was provided by the Polar Research
Board of the National Academy of Sciences for Dr. Brown.

Additional support came from DA Project 4A161102AT24, Research in

Snow, Ice and Frozen Ground, Scientific Area B, Cold Regions Environ-

mental Interactions, Work Unit 002, Cold Regions Environmental Factors,

and Scientific Area A, Properties of Cold Reglons Materials, Work Unit
005, Thermophysics and Mechanics of Cold Regions Materials.

The authors thank Chen Goudong, Vice Head of the Permafrost Divi-
sion, Lanzhou Institute of Glaciology and Cryopedology, Academia Sinica,
for reviewing this report, and Andrea Ploss, a student at Dartmouth
College, for her help with the Chinese translations.
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THE SECOND NATIONAL CHINESE CONFERENCE ON PERMAFROST,
LANZHOU, CHINA, 12-18 OCTOBER 1981

by

Jerry Brown and Yin-Chao Yen

INTRODUCTION

The Second National Conference on Permafrost was held in Lanzhou,
China, during 12~18 October 198l. It was attended by approximately 200
scientists and engineers from 69 organizations within China. The purpose
of the meeting was two-fold: 1) to present and discuss results of frozen
ground investigations that had been conducted since the first conference in
1978, and 2) to organize the Chinese contributions for the Fourth Inter-
national Conference on Permafrost to be held in Fairbanks, Alaska, in July
1983. Several non-Chinese were invited. The authors from the U.S. Army
Cold Regions Research and Engineering Laboratory, and Dr. Daisuke Kuroiwa
(former Director, Low Temperature Institute, Hokkaido University) from
Japan attended.

The purpose of this report is to make information available about the
conference and some of the Chinese organizations involved in frozen ground
regsearch. In this report, frozen ground will be used to refer to both
seasonally frozen solls and permafrost, since the conference dealt with
both. In China the term cryopedology is used interchangeably with the
"study of permafrost and seasonally frozen soil.” Approximately 22% of
China 18 underlain by permafrost and upwards of 731 has seasonally frozen
soils,

Chinese research and engineering concerning frozen ground was initially
brought to our attention when a Chinese group visited Canada in 1975 and a
Canadian delegation visited China in summer 1977 under a scientific ex-
change agreement between those two countries. The Canadians visited North-
east China (formerly Manchuria) by rail and described some of the perma-
frost conditions and problems. They also briefly visited the Lanzhou
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Institute of Glaciology and Cryopedology, one of the organizing institu-
tions for this Second Conference. Nine Chinese attended the Third Inter-
national Conference on Permafrost in July 1978 in Edmonton, Canada. This
provided the first major contact between U.S., and Chinese permafrost
scientists and engineers. A U.S. delegation visited Harbin in 1978 as part
of the U.S. Science and Technology agreement., Dr. Y.C. Yen was on that
exchange and visited the Institute of Low Temperature Construction. Dr.
Troy L. Péwé, a geologist and permafrost specialist, Arizona State Univer-
sity, visited China in May and June 1980 to attend the Symposium on the
Qinghai-Xizang (Tibet) Plateau, and he has prepared and published several

reports on his tripk.

LANZHOU

The conference was held in Lanzhou, China (see Fig. 1). Lanzhou is an
industrialized city with a population of over 1,000,000, It is situated on
the terraces of the Yellow River. Some 50 km or so to the west is the
Liujiaxia Hydroelectric Power Station on the Yellow River (Fig. 2 and 3).
This dam is the highest in China, with a height of 148 m, and is 880 m wide
at the top. The power plant has a 1,200,000-kilowatt capacity. The dam 1is
in the process of being raised 3-5 m as a result of the summer 1981 flood-
ing along the Yellow River,

A major branch or bureau of the Academia Sinica (The China Academy of
Sciences) is located in Lanzhou. It consists of six inscitutes totaling
about 4000 scientists, engineers, and support staffs:

(1) 1Institute of Modern Physics (more than 1000 employees)

(2) Institute of Chemistry and Physics (more than 1000)

(3) Institute of Glaciology and Cryopedology (350)

(4) Institute of Geological Sciences (300)

(5) Institute of Desert Research (280)

(6) 1Institute of Plateau Atmospheric Physics (150)

Another research institute located in Lanzhou is the Northwest Insti-
tute of the China Academy of Railway Sciences. Both the Institute of
Glaciology and Cryopedology and the Northwest Institute are described in

some detail later in this report,

¥ Ceotimes, Jan, 1981, and Glaciological Data Report GD-10, World Data
Center for Glaciology, Boulder, Colorado
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Map of China showing types and distribution of permafrost and seasonally frozen ground.

from map provided by Tong Boliang, Institute of Glaciology and Cryopedology, Lanzhou).
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Figure 2, View of Liujlaxia hydroelectric power dam.

Figure 3. View looking downstream on the
Vellew Fiver and the discharge from the
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CONFERENCE ORGANIZATIONS

Apparently the conference was held under the auspices of the Geo-
graphical Society of China and the China Civil Engineering Society although
neither society had a visible role. The former society is housed in the
Academia Sinica's Institute of Geography on the outskirts of Peking but is
apparently under the China Association for Science and Technology.

Table 1 contains the names and organizations of the Organizing Commit-
tee for the conference. Information in this table and all subsequent
information concerning names of individuals and organizations were compiled
from several translated sources and individual conversations. Therefore,
there are likely to be errors throughout in spelling of names and accuracy
of institutional affiliationms.

The two main organizers of the conference were the Institute of
Glaciology and Cryopedology and the Northwest Institute of the China
Academy of Railway Sciences, both situated in Lanzhou. From the membership
of the Organizing Committee it is obvious that the Institute of Glaciology
and Cryopedology had the major role in organizing the conference, very
likely under the direction of Mrs. Zhou Youwu, Vice-Director. Professor
Shi Yafeng, Director of the Institute and Vice Director of the Lanzhou

Bureau of the Academia Sinica, opened and closed the conference (Fig. 4).

Figure 4. Professor Shi Yafeng opening the Conference.
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Table 1. Organizing Committee for the Second National Chinese
Conference on Permafrost

Chairman: Shi Yafeng, Director, Lanzhou Institute of Glaciology and
Cryopedology

Vice-Chairman: Wang Zhugui, Vice Director, Northwest Institute, China
Academy of Railway Sciences

Zhou Youwu, Vice-Director, Lanzhou Institute of Glaciology
and Cryopedology

Xu Shaoxin, Vice-Director, Heilongjiang Provisional Water
Conservancy Scientific Research Institute

\ Secretary: Wang Zijung, Head, Division of Science and Technology, Lanzhou
Institute of Glaciology and Cryopedology

Committee Members:

Ding Dewen, Permafrost Division, Lanzhou Institute of Glaciology and
Cryopedology

Wang Lian - Northeast Institute of Survey and Design, Ministry of
Electricity

Liu Hongxu - Hellongjiang Provincial Low Temperature Construction
Science Research Insitute

He Xin - Editor, Lanzhou Institute of Glaciology and Cryopedology

Guo Hanbing - Vice-Director, First Highway Survey and Design
Institute, Ministry of Communications.

He Changgeng, Third Institute of Survey and Design, Ministry of .
Railway i

Tong Boliang, Permafrost Division, Lanzhou Institute of Glaciology and
Cryopedology .
3 Lu Guowei - Yakeski Institute of Forestry, Survey and Design Ministry .

of Forestry

Ding Qingkong - Northwest Institute, China Academy of Railway
Sciences, Ministry of Railway

Ji Lianwu - Northwest Institute, China Academy of Railway Sciences,
Ministry of Railway

Wu Ziwang, Vice-Head, Permafrost Division, Lanzhou Institute of
Glaciology and Cryopedology

Chen Xiaobai, Permafrost Division, Lanzhou Institute of Glaciology
and Cryopedology

Xu Shuyin - Department of Gedlogy and Geography, Lanzhou University

Huang Xiaomin - Vice Director, Northwest Institute, China Academy of
Railway Sciences, Ministry of Railway

Cheng Guodong — Vice Head, Permafrost Division, Lanzhou Institute of
Glaciology and Cryopedology

. R . LA
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Wang Zhugui, Vice-Director of the Northwest Institute, China Academy of
Railway Sciences, played a major role in the conference, particularly with
the foreign delegates. A large number of representatives attended from
Northeast China; the spokesman of that group was apparently Xu Shaoxin.
There is a Society of Glaciology and Cryopedology housed in the Institute
of Glaciology and Cryopedology that totals over 450 members from throughout
China. Yafeng, Zhugul and Shaoxin are officers of the Society. A North-
east China sectlon was organized at the conference. Foreigners can join

for 2 yuans (about $1.25) and receive the quarterly journal at no charge.

CONFERENCE FORM.\T AND PRESENTATIONS

Table 2 is the revised conference program. The first two days of the
conference were devoted to plenary sessions. State—of-the-art presenta-
tions were given by senior representatives. Each of the three foreign

delegates was asked to give a 1- to 2-hour presentation. During the

Chinese presentations a simultaneous translation capability in English was

available through a tape recording system and ear plugs. Qiu Guoqing, a
permafrost specialist, translated Brown's presentation into Chinese after a
quick dry run to sort out terminology problems. Dr. Yen spoke in Chinese
throughout, which greatly facilitated communications.

Two and one-half days of concurrent paper sessions followed the
plenary sessions, There were three concurrent sessions. Although a
program was available in advance 1in both Chinese and English, the sequence
and actual titles of papers changed. Brown attended Session I and Yen
attended Session II. Appendix A is the contents of the published abstract
volume. Appendix B 1s a list of the papers actually presented.

There were a total of 185 abstracts and titles. Approximately 90
papers were actually presented. The abstracts are divided into four cate-
gories. The groundwater papers were not presented in Session I, and the
Session IV papers on exploration and measuring techniques were in different
sessions. Many of the field observations and papers were centered along
the Qinghai-Xizang highway which has provided access to many permafrost
features and problems. The permafrost of Northeast China was a focus for
additional papers.

The titles of the 185 abstracts (App. A) are the best indicator of the
scope of the meeting. Table 3 is a subdivision of the papers by specific
topics as listed in the preface to the abstract vblume. A total of 169

7




Table 2. Revised Program

The Second National Chinese Conference on Permafrost
12-17 October 1981, Lanzhou, China

11 October - Arrivals

12 October

1981

Morning: Chairman - Zhou Youwu, Vice Director, Lanzhou Institute of

Glaciology and Cryopedology

Opening Speech - Professor Shi Yafeng, Director, Lanzhou Institute of

Afternoon:

Glaciology and Cryopedology

Dr. Kuroiwa, Japan
Snow, ice, and frozen ground studies in Japan

Tong Boliang, Genmeral Cryopedology Section, Lanzhou Institute
of Glaciology and Cryopedology

Regional study of permafrost in China

Chairman - Xu Shaoxin, Vice Director, Heilongjiang Provincial
Research Institute of Water Conservancy Science

Wang Zhugui, Northwest Institute, China Academy of Railway
Sciences, Lanzhou,

Railroad construction and scientific research in permafrost in
China

Dr. Yin-Chao Yen - U.S. Army Cold Regions Research and Engineer-
ing Laboratory, Hanover, N.H.

CRREL's structure, mission, and its major research and
engineering activities

Wu Ziwang, Vice Head, Permafrost Division, Lanzhou Institute of
Glaciology and Cryopedology

Study on mechanics of permafrost in China.

Evening - Banquet (see list of participants, Appendix C).
13 October 1981 - Morning: Chairman - Professor Shi Yafeng

Lu Zhaojin, Professor, Chinese Academy of Railway Sciences
Mechanisms of soil deformation and problems in soil mechanics
Xu Shaoxin (paper read for him)

Cryopedology and its study and practice in hydraulic
engineering in China

Ding Dewen, Lanzhou Institute of Glaciology and Cryopedology,

Thermologic study of frozen ground in China
Wang Zhengqin - Harbin Architectural and Civil Engineering
Institute

Frozen soil construction engineering - a review




Table 2 {(cont'd).

Afternoon

Dr. Jerry Brown - U.S. Army Cold Regions Research and
Engineering Laboratory

Permafrost investigations in northern Alaska (Qiu Guoqing -
interpretor)

Guo Hanbing - First Highway Survey and Design Institute, Minis-
try of Communications

Construction and maintenance of the blacktopped Tibet highway

Visit to Lansznou Institute of Glaciology and Cryopedology,
Academia Sinica, Professor Shi Yafeng and staff (for
foreign delegates only)

Evening: Banquet at Professor Shi's residence for foreign delegates.

Music Show: Gansu Provincial Youth Group for all conference
participants at the hotel.

14 October - Concurrent Sessions (see individual lists of papers
actually presented and list of abstracts - Appendices A and B)

Session 1. Distribution, characteristics and formation of frozen
ground

Session II. Basic physico-mechanical properties and processes in
frozen ground

Session III. Engineering design and construction in permafrost

Luncheon at Mr. and Mrs. Tong Boliang's residence for foreign delegates
Dinner at Mr. and Mrs. Zhu Yuanlin's residence for Y -C. Yen and J. Brown
Movie at hotel - Glaciers in China

15 October - Continue concurrent sessions
16 October

Morning - Complete concurrent sessions
Afternoon - Discussion Groups

Session I. General Cryopedology: Orientation and task of cryopedology in
China,
Chairman: Zhou Youwu
Secretary: Cheng Guodong and Guo Dongxin

Session 1I. Physical, mechanical, and thermal charanteristics and process
in freezing ground: Orientation and task of cryopedology in
China
Chairman: Wu Ziwang
Secretary: Ding Qingkong and Zhang Changqing
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Table 2 (cont'd).

Session 1IL, Engineering Cryopedology: Orientation and task of
cryopedology in China
Chairman: Huang Xiaomin
Secretary: Chen Xiaobai and Yang Hairong
Visit to the Northwest Institute by Brown and Yen, followed by a banquet at
the Institute

Evening Session: J. Brown briefed representatives of all organizations on
Fourth International Conference on Permafrost and the
Third International Symposium on Ground Freezing.

17 October - Trip to Liujiaxia Hydroelectric Power Station for visitors

Group discussions continued in Lanzhou

18 October, A.M. - Visits to White Pagoda Mountain and Fire-Spring Mountain
P.M. - Summary and Closing Ceremony

Chairman: Wang Zhugui

Summaries:
Session I - Zhou Yc uwu
Session II - Wu Ziwang
Session 111 - Huang Xiaomin
Instructions to the authors - Yuan Yuan Rong
Comments by Y.C. Yen
Comments by J. Brown (see App. G)
Comments by Xin Wenying on railway needs
Comments by Kung Guinguan on northwest China problems
Closing Address - Professor Shi Yafeng

19 October - Visit to Lanzhou Institute of Glaciology and Cryopedology for
detailed discussions and presentations.

J. Brown - Organization and conduct of permafrost research in the
United States

Y.C. Yen — Selected cold regions topics including the author's
own research

20 October -~ Departuxe

papers were received by the organizers. Each of the two Lanzhou institutes
preseated more papers than any other organization represented.

The authors generally used overhead projectors with handwritten
acetates or glass plates. Several authors presented well-illustrated 35-mm
slide talks. A modified poster session approach was used by many authors
during their presentations. Several English-speaking scientists and inter-
pretors assisted Brown during individual presentations. This type of

10
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Table 3. Number of papers and titles in each category
(based on abstract volume).

I. Distribution, Characteristics, and Formation of Frozea Ground (55)

1. Regional permafrost studies (19)

2. Historical aspects of permafrost (3)

3. Groundwater in permafrost regions (6)

4, Regional factors and permafrost (3)

5. Cold action and underground ice (14)

6. Frozen ground region environment and ecology (3)

7. Upper and lower boundaries of frozen ground and methods of
determination (7)

II. Basic Physico-mechanical Properties and Processes in Frozen Soils
(58)

1. Methods of measurement and calculations of physical, thermal,
acoustic and dielectric properties of frozen ground (8)

2. Theories on migration of moisture and heat in frozem ground (8)

3. Frost-heave action in the processes of s0il freezing (29)

4, Frozen ground strength, deformation and flow (13)

III. Engineering Designs, Construction and Damage Prevention in Frozen
Ground (61)

1. Road construction engineering (10)

2. Bridge and tunnel engineering (6)

3. Water supply and discharge engineering (6)
4, Foundation and buildings (23)

5. Water conservation (11)

6. Integrated problems (5)

IV. Exploration and Measuring Techniques in Frozem Ground (11)

1. Application of geophysical methods in frozen ground (2)
2. Application of remote sensing in frozen ground (2)

3. Measuring and testing methods (6)

4, Instrumentation (1)

assistance, plus a partial set of English abstracts, helped the foreign
delegates in following most of the technical presentations. Preprints of
most Chinese papers were available but unedited. A number of draft papers
from Sessions 1 and II were obtained and are available at CRREL.

A series of discussions and business meetings followed the 4-1/2 days
of sessions. Results of these discussions were presented at the closing
session. Zhou Youwu in her summary remarks appealed for more cooperation
among organizations and less duplication, problems which seem to be creat-
ing some difficulties. The inconsistencies in terminology, classification

11
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and methodologies were also indicated as problems. To overcome this,
Professor Shi announced that a meeting would be held in Northeast China
next year to discuss testing and amethods. A second meeting will be held in
October 1982 to discuss questions of Quaternary glaciers and periglacial
phenomena. It is our understanding that Professor Cui Zhijui of Peking
University is organizing that conference in Huang Shan (10-17 October
1982).

By invitation, Brown briefed leaders of the major institutions on the
Fourth International Conference on Permafrost (Fairbanks, July 1983) and
the Third International Svaposium on Ground Freezing (CRREL, June 1982).
Professor Shi had translated the Permafrost Conference Bulletin No. 1 into
Chinese and all delegates received a copy. Brown described the paper and
panel sessions, the field trips, and general logistics. The Chinese esti-
mated that $3000 would be required for each delegate. This will be a major
problem and could limit attendance, although the Chinese are still estimat-
ing 20 to 30 participants. As a result of the conference, a method was set
up to select representatives to the Fairbanks conference. All techmnical
representatives are expected to speak English. A selection board was
established. Papers presented at the Lanzhou conference were to be submit-
ted by 31 December 198l1. A voting scheme will be used for selection. Mr.
Li, of the Railway Academy, suggested that Professor Shi chair the selec-
tion committee, During the plenary session, an editor provided details on
how to prepare the manuscripts according to accepted international stand-
ards.

Both Yen and Brown spent considerable time discussing the Ground
Freezing Symposium to be held at CRREL in June 1982. Many Chinese would
like to attend and asked that their abstracts be considered even though the
deadline has passed. Upon return to CRREL, the Symposium organizers pro-

visionally accepted upwards of 10 abstracts that were discussed in China.

PARTICIPANTS IN THE CONFERENCE

A total list of participants was not available to us by the close of
the conference, Figure 5 is the official photograph of the conference par-
ticipants. A good cross section of attendees can be obtained from the
program (Table 2), the Organizing Committee (Table 1), the banquet atten-
dees (Appendix C) and the list of participants and contributors in Appendix
D. In addition, the abstract volumes (English and Chinese) contained the

13
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Table 4., List of Institutes Contributing Papers.

Lanzhou Institute of Glaciology and Cryopedology, Academia Sinica
Changchun Institute of Geography, Academia Sinica

Northwest Institute, China Academy of Railway Science

First Institute of Survey and Design, Ministry of Railway

Third Institute of Survey and Design, Ministry of Railway

Research Institute of Qiqihar Railway Bureau

Northeast Institute of Survey and Design, Ministry of Electricity
First Institute of Survey and Design, Ministry of Communication
Research Institute of Water Conservancy Science, Heilongjiang Province
Research Institute of Water Conservancy Science, Jilin Province
Research Institute of Water Conservancy Science, Liaoning Province
Northwest Research Institute, Ministry of Water Conservancy

Water Conservancy Institute of Survey and Design, Heilongjiang Province
Water Conservancy School, Heilongjiang Province

Research Institute of Water Conservancy Science

Water Conservancy Bureau, Gansu Province

Low Temperature Construction Research Institute, Heilongjiang Proviace
Fourth Construction Ltd., Heilongjiang Province

Survey Institute of Construction, Qinghai Province

Institute of Hydrogeology and Engineering-Geology

Institute of Geology, Jilin Province

First Geological Team, Qinghai Province

Institute of Coal Mining, Anhui Province

Harbin Architectural and Civil Engineering Institute

Northeast College of Agriculture

Department of Geography <

Yakeshi Survey and Design Institute of Forestry

Fenglin Forestry Bureau, Yichun City

Department of Geoloéy and Geography, Nanjing University
00926 Unit

affiliations of the participants. A 1list of organizations is presented in

Table 4 based on papers presented. We were told that 69 organizations were

represented. About 20 of them are located in northeast China, i.e.

Heilong jiang, Jilin and Liaoning Provinces. The major research institutes

are the Third Institute of Survey and Design, Ministry of Railway; the Low

Temperature Construction Research Institute, Heilongjiang Province; and the
14
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Water Conservancy Institute of Survey and Design, and they submitted 20, 10
and 11 papers respectively. The Lanzhou Iunstitute of Glaciology and
Cryopedology definitely occupies a very important role in permafrost
regsearch in China. This institute alone prepared 65 papers (about 1/3 of
the total papers submitted for the conference). The Northwest Institute,
which also performs basic and applied permafrost research and is under the
supervision of the China Academy of Railway Sciences, contributed 17 papers
to this conference. Three of the papers were prepared by the Chinese
Revolutionary Army (stationmed in northwest China, based on the material
contained in the abstract). It is interesting to note that in China
research and site investigations are also conducted in the Army. On the
basis of the number of papers presented, the main institutes are:

The Institute of Glaciology and Cryopedology

Third Institute of Survey and Design, Ministry of Railway

The Northwest Institute, China Academy of Railway Sciences

Low Temperature Construction Research Institute, Heilongjiang
Province

Water Conservancy Institute of Survey and Design

VISITS TO THE LANZHOU INSTITUTES

During and following the conference, the foreign delegates were taken
to the two hosting Lanzhou institutes and were briefed on the history,
current organization and programs, shown the library and laboratory facili-
ties, and had opportunities to discuss activities with individuals. The
following contains some detail of these visits.
Institute of Glaciology and Cryopedology (12-19 October 1981)

We had two sessions at the Institute of Glaciology and Cryopedology.
The late afternoon visit on 13 October was a general briefing and tour
(Fig. 6). An all-day session on 19 October involved briefings by Yen and
Brown, informal discussions and a visit to the library. The general
history and organization of the institute, contained in Appendix E, is the
same report that was available to Dr. Péwé in June 1980.

The Institute totals about 350 people of which 240 are research profes-
sionals. The personnel include one professor (senior researcher); 10
associate professors (assoclate researchers); one senior engineer, 52
assistant researchers, and 33 engineers. The Ianstitute is housed in a 4~

to 6-story building which 18 located in one of a series of buildings
15




Figure 6. Photograph at front entrance to the Institute
of Glaciology and Cryopedology. From left to right: Qiu
Guoqing, Zhu Yuanlin, Wu Zuwang, Xu Shaoxin (Harbin), Tong
Boliang, Cheng Guodong, Zhou Youwu.

directly across the thoroughfare from Lanzhou University. The Desert
Institute shares the building with the Institute of Glaciology and Cryo-
pedology. The Permafrost Division, with its labs located behind the main
building, has over 60 staff and support members. Academia Sinica apartment
buildings for the staffas of the various institutes are located behind and
adjacent to the institutes.

Table 5 is an abbreviated organization chart for the Institute of
Glaciology and Cryopedology and is based on various sources available at
the counference.

On our first visit to the institute, the director, Professor Shi
Yafeng welcomed us i{n the conference room, introduced us to key staff, and
provided copies of an atlas of China and several beautifully 11llustrated
books on glaciers and mountains of China. We then visited the exhibit room
which consists of a series of photographic wall displays on each division
and its activities. Heads of each division described the work which
included glaciers, debris flows, and instrumentation. The vice director,
Wang Wenying, who has already visited the U.S. and CRREL, showed us the
institute's mapping capability which includes stereo and ortho-photo
plotters (Topocart brand) and a large camera for map reproduction. The

16
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Table 5. Partial Organization and Staff of the Lanzhou Institute of
Glaciology and Cryopedology, Academia Sinica (compiled by J. Brown).

Director, Professor Shi Yafeng

Vice Directors (total of four)
Zhou Youwu - Associate Professor, Permafrost
Wang Wenying - Senior Engineer, Mapping
Wang Zhunal - Assistant, Research

Glaciology Division (Staff of 51 with seven sections and one field station)
Xie Zechu, Head, Associate Professor

Permafrost (Cryopedology) Division (staff of 65 with six sections) J
Wu Ziwang - Vice Di.ector, Associate Professor
Cheng Guodong - Vice Director, Assistant Professor

General Cryopedology Section
Tong Boliang - Associate Professor
Guo Dongxin - Assistant Professor
Qiu Guoqing - Assistant Professor

Frozen Ground Mechanics Section
Cheng Xiaobal - Associate Professor
Zhu Yuanlin - Assistant Professor
Zhang Changqing - Assistant Professor

Thermophysics Section
Ding Dewen - Associate Professor \
Xu Xiaozu — Assistant Professor '
Zhu Linnan - Assistant Professor

Geophysical Section
Huang Yizhi - Assistant Frofessor i

Division of Glacial and Debris-Flow Sedimentology (staff of 24)
Survey and Mapping Service (staff of 20)

Analysis Laboratories of Material Composition, Wu Xiao-ling (staff of 15
with three sections)

Research Laboratories of Remote Sensing and Telemetry (staff of 27 with
three sections)
Zeng Ounzhu - Head
Cha Meisheng
Luo Xianqrui
Liang Fengxian

Library and Information Service (staff of 15 with three sections)

Editorial Board (staff of 11)
Interpretor—Gao Jenen
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chemistry labs under Wu Xiao-ling's supervision include a clean room, gas
and fon chromatographs, a hydrogen enrichment system and liquid scintilla-
tion for carbon-14 analyses,

The Permafrost Division has a coldroom complex containing six cold-
rooms, one of which contains individual insulated cabinets. Tests on frost
heave, road-bed models, and creep deformation were ongoing. A 200-point
data logger is available to monitor the coldroom tests. Xu Xfauzu des-~
cribed the thermophysics labs. There were three different instruments for
thermal conductivity measurements. Instruments for measuring unfrozen
water, diffusivity on unfrozen and frozen samples, and specific heat were
also observed. A coustant temperature room (+20°C) 1is used for calori-
metric weasurements. The mechanics lab has uniaxial and triaxial testing
machines, a Japanese consolidation apparatus, and frost heave field testing
equipment.

Brown met several times with the remote~sensing group. It is current-
ly mapping terrain, glaciers ind snowline with Landsat color products pro-
vided by the USGS for the glacier inventory. We discussed a cooperative
effort using digital data analysis similar to our current work in northern
Alaska with the USGS-Ames group. We tentatively agreed on areas in north-
west and northeast China for preliminary evaluation. The group has also
used satellite imagery (NOAA) to evaluate snowmelt and runoff,

The Institute library 1is extremely impressive. In addition to the
Chinese periodicals it has a wide variety of journals in English and other
languages. The total number of journals exceeds 250. The institute
promised us a list of its periodicals. A two-floor stack contains bound
journals and books. Total accessions exceed 23,000, A reprint file is
also maintained, Brown went over the Chinese indexing system for natural
sciences and reviewed the card catalogue system. While in Peking the
Institute of Geography provided Brown with its current non-Chinese biblio-
graphic publication. It 18 our distinct impression that we do not have a
comprehensive bibliography of Chinese permafrost and glaciological litera-
ture in the U.S., although the IGY Data Center in Boulder, Colorado, has
initiated a bibliographic effort in these fields. We indicated to Profes-
sor Shi Yafeng that development of bibliographies should be an element in
our jJoint U.S.-Chinese exchanges. The Institute of Glaciology and Cryo-
pedology is an excellent starting point for such a compilation. There are
six staff members in the library. We have since received a bound biblio-

graphy of frozen ground research covering the period 1938 to 1979,
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Visit to Northwest Institute, China Academy of
Rajilway Sciences - 16 October 1981

Drs. Yen and Brown were warmly welcomed by Li Jia, Director of the
Northwest Institute, key staff members and Li Yusen, Vice Director, Academy
of Railway Sciences (Fig. 7). Li Yusen led the Chinese delegation to
Canada in 1975 and to the 1978 Third International Permafrost Conference in
Edmonton. We were evidently the first foreigners to visit the institute
and it was a special occasion for everyone, We were welcomed by Li Jia in
English and then briefed by him in Chinese. The institute is just 20 years
old, having been established in 1961, the same year CRREL was established
in Hanover, N.H. The Northwest Institute specializes in geologic engineer-
ing investigations for the Ministry of Railways and probably conducts
studies for other transportation ministries such as Communications (which
includes roads). There are 380 staff of which 160 are technical. The
institute occupies a number of buildings and we toured through several,
observing mainly the laboratories and library.

The Northwest Institute covers a wide range of geographic regionms,

The desert work includes problems of blowing sand, which buries railway

tracks and requires techniques for removal. The plateau conditions at

Figure 7. Welcoming group in front of Northwest Institute.
Pront row from right to left: Wang Zhugui, Li Yusen,
J. Brown, Y.-C. Yen, Li Jia.
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5000 m ASL include snow and permafrost problems, including the study of
thermokarst. The loess problem involves stability and strength,

The institute is divided into the five technical divisions: 1) Land-
slides, 2) Permafrost, 3) General Research Laboratory, 4) Central Test
Laboratory and 5) Library and Technical Information. The institute's major
research topics are 1) prevention of landslides, 2) prevention of sand
hazards to railways, 3) railway construction in loess regions, 4) railway
construction and maintenance in permafrost regions, 5) construction of
roads in salt lake regions, and 6) geophysical exploration and civil engi-
neering surveying techniques.

More than 1000 landslide sites along the railroad have been investi-
gated. Studies of landslide mechanics, residual strength and antislide
piles were conducted. A great number of studies were conducted concerning
the development of technology for building railroads in permafrost
regions. The subjects of these studies included foundation engineering on
thick underground ice, application of insulation materfal on frozen soils,
development of engineering designs for buildings, bridge sites and founda-
tions, examination of the physics, thermophysics and mechanics of frozen
ground, determination of the natural and artificial limits in building
bridges and houses, and prevention of frost heaving by chemical means.

In respect to the work on sand control for railway lines, studies on
the mechanism of sand transport, solidification of sand mass by chemicals,
and mechanical and general sand prevention methods were conducted. As for
railway construction in loess regions, slope stability of the road base and
the bearing strength of the loess foundation have been studied. Studies
for construction of railroads in the salt lake regions, using shallow
earthquake instrumentation to determine the upper limit of permafrost and I
employing electrical methods to explore the resources of underground water,
were also undertaken. In civil engineering surveying and measuring tech-
niques, studies are being conducted on the variation of the soil water
content of foundations, automatic recording of the ground temperature, and
laser holography to determine soil displacement under a concentrated or
uniform load.

The Central Laboratory is divided into four sections, i.e. physics,
mechanics, chemical analysis and mineral analysis. In the physics labora-
tory, determination of various physical property indices, such as the grain
size distribution, volumetric weight, specific gravity, water content and
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plasticity of soils, are made. This laboratory is equipped with various
kinds of specific gravity meters, electrical furnaces, vacuum pumps, etc.
The mechanics laboratory determi.:es the shear strength, compressive
strength, and the coefficient of compressibility of soils using triaxial,
vertical-shear, solidification and universal test machines. In the chemi-
cal analysis laboratory, tests for determining salt content, water quality,
and the amount of volatile components in soils have been conducted with
various kinds of precision analytical balances, chemical analysis instru-
ments, and flame photometers. The mineral analysis laboratory determines
the principal mineral and chemical element contents with the use of a dif-
ferential heat calorimeter, an X-ray, a spectrometer and a new Varian model
475 atomic absorption spectrophotometer. We asked for and were given
several kilograms of loess on which the CRREL labs will conduct unfrozen
water content and thermal measurements for comparison with the institute
data.

Most of the instruments are Chinese-made, and though some are quite
old and others are very recently manufactured, they all seem to be in good
working order. The experiment that impressed us most was the use of a
laser to determine the strength field of the soil affected by an imbedded
pile. The landslide testing setup included a ring-type shear test appara-
tus which is Chinese-made and 1s used to predict conditions of landslides
and soil residual strengths, The pile stability test apparatus involves a
3-day duration and measures deflection along the pile shaft, moment around
the pile and the pressure strength. This institute has pioneered research
on slope stabilization employing 10~ to 20-m-long reinforced concrete
piles.

The Northwest Institute has just completed a 3-story coldroom facility
this year., The basement contains the refrigeration system: there are five
compressors with Freon-2 as the working medium. After it is compressed,
Freon-2 is cooled through a heat exchanger and becomes a low temperature
and pressure liquid, which is subsequently passed through boxes containing
CaCl, solution. During this process, liquid F-2 absorbs heat from the
CaCl, solution, and once again becomes gas and is recycled to the compress-
or. The cooled CaCl, solution is pumped to the air-chiller in the cold-
rooms and also recycled. The temperature in the coldrooms can be lowered
to -50°C. The first floor of the facility houses four coldrooms of identi-

cal size (6 x 9 m) and is surrounded by an insulated outer corridor. There
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is an overhead hoist to the coldrooms which is capable of moving large
carts of prepared samples and large-scale model tests. All the wires from
the test samples lead out of the coldrooms to a central data collection
room on the third floor. The third floor also contains the control room
equipped with a large instrument display panel for remote control of opera-
tions and monitoring the coldroom complex; the coldrooms can be maintained
at *0.5°C.

After the tour and discussions, a special banquet attended by about 24
of the senior staff and administration was held in the conference room.

All food was prepared in the institute by the staff. It was a particularly
friendly and warm reception. Unfortunately we did not obtain a list of the
people present or of the staff. However, we were given a number of books
and unpublished papers which contain names of those involved in the
research., A partial list of subjects is presented at the end of this sec-
tion and a complete list will be available as soon as the material is cata-
loged.

Our overall impression of the Northwest Institute is that it is well-
equipped, has some excellent geotechnical people who are highly motivated,
and it conducts both basic and applied investigations. Although there were
many “preprints” of papers, apparently the Chinese system has not, until
recently, encouraged journal and other publications. Therefore, a great
deal of information is contained in institute files and apparently is not
easlly accessible. We were given specific permission to take this unpub-
lished information out of the country, in addition to several comprehensive
design books. The following is a partial subject listing of the

unpublished information:

1, Prevention of landslides
2, Collected works on landslides
3. Road design and construction over deep ground 1ice

4, Determination of the railroad embankment critical height in the
permafrost region of Qinghai-~Xizang plateau

5. Calculations of depth of thaw for tunnel foundations in permafrost

6. Determination of the upper limit of an empirical formula for the
tunnel foundations in the permafrost region of Qinghai-Xizang
plateau

7. Design of various types of foundations of rocadway structures in
permafrost

8. Basic studies in using explosives for pile foundations in perma-
frost regions of Qinghai-Xizang plateau
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9. Testing of anchors (in plate form) in frozen soil

10, Long-term study of the withdrawal resistance of anchor rods in
permafrost

11. Geological problems of road construction in permafrost regions of
Qinghai-Xizang plateau

12. Large-scale vertical-cutting field tests in thawed and thawed-
frozen soil interfaces

13. Field testing of tangential heave forces
14, Studies of horizontal heave force

15. Development of methods for determining the permafrost table and
its application in road building engineering

16. Methods for calculating permafrost tables

17. Variations of the artificial permafrost table of road embankments
in the permafrost region of Qinghai-Xizang plateau

18. Bearing capacity of concrete piles in permafrost

19. Permafrost tables after the construction of bridge foundations in
the permafrost regions of Qinghai-Xizanmg plateau

20. Determination of an empirical formula for calculating the thick-
ness of an insulating layer for road construction in the perma-
frost region of Qinghai-Xizang plateau.

21, Minimizing tangential heave-force with physical and chemical
methods.

CONCLUDING REMARKS

No attempt has been made in this report to analyze the technical
aspects of the Conference. However, a few general comments are appropriate
in a way of conclusions.

It is apparent the Chinese have been and-are continuing to be involved
in research on both the basic and applied aspects of frozen ground through-
out their country. A surprising number of individual organizations are
involved. Major practical problems of design, construction and maintenance
are obvious from the titles of the papers and the available publications.
The Chinese tradition of architecture and construction brings considerable
technical experience to frozen ground research, The Ministry of Railway
and its Academy of Railway Sciences with over 6000 technical people are
obvious leaders in comstruction of road embankments, tunnels, bridges, and
housing on frozen soils, The Institute of Glaciology and Cryopedology is
providing the national leadership for permafrost research. The U.S. has no
centralized counterparts, except that individuale and subelements within
CRREL and USGS provide some focus nationally.
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There are some very capable scientists and engineers actively pursuing
frozen ground research in China, Many of these representatives will be
among the delegates to the Fourth International Conference on Permafrost to
be held in Fairbanks in July 1983,

Both the directors of the Ministry of Railway and Institute of Glacio-
logy and Cryopedology indicated their desire to see permafrost research
included in the U.S.-Chinese Science and Technology Agreement, We
indicated that we would pursue this, if not for 1982, then certainly for
the 1983 exchanges. The following 1is a partial list of topics and activi-

ties which can serve as a basis for coantinuing exchange.

POTENTIAL TOPICS OF US—-CHINA COOPERATIVE FROZEN GROUND RESEARCH

Comparison of Laboratory Methods and Results for Frozen Materials

(1) Thermal properties
(2) Unfrozen water contents
(3) Frost heave testing and criteria

Field oriented investigations

(1) Case histories
(a) drainage and icings along roads and railways
(b) subsidence of roadbeds and embankments
(c) failures of structures due to deep frost penetration
(d) stabilization of ground (tunnels, slopes, shafts)
(2) Properties and distribution of frozen ground
(a) massive ground ice occurrence and origin
(b) geophysical techniques for detection
(¢) chemical and physical properties
(3) Field evaluation of frost heaving
(4) Remote sensing
(a) snow distribution and water yield over frozen terrain
(b) indicators of frozen ground

(c) glacier sedimentation

Information Exchange

(1) Update literature - CRREL, USGS, Library of Congress, IGY Data
Center A

(2) Establish routine literature exchanges
(3) Prepare joint publications and conduct conferences

(4) Exchange personnel
24

v  —— G Lp




oy n—_o_ucu.._ L I L S T T
wity) ‘wy 1503}vwIad
ut wstueydpw L1ddng sit jo stsdypuy pue 13iespunorn) jo so1IsIINOBILYD
(£2) T 19 FUOYZUBL UNG  -sretrtireiiiiiinn s rttnseetnn e renaer st sesstases snnaes
Buly) 1seaglIoN U! S8WIS TNIOBID) 15BT] Iyl JO IUSWOIIAUOINEJ

(22) nif1yz myy ¥ :hHO& ay - P U
BUTYD ISWIYUION UT 1S01Jedlidd JO UOTIN[OAT Puv uOTivmO

({Z) njonz 171 ® uixuoq 10T R T R TT IR PP TSP P PRSI
uorsewio,] jo o8y S pue u00Istag

Jle] HUlg vulg) 1SEOYMHON UT jsorjewniod Jo uohn[oAd

fessrsereenenasorestraciarvestnanesuse

€02) FUIYIBIL FUBM -+ -ecvevnviveisininiiiinnns
soxjeuiad surdiy aq: jo Apnig uo uodsy jolig

Msariseeveraryatiase et hriersbns

(61) UIXIM BUOGZ ~vvvreeerernmrmmeienninnnnene
1503 )BuId ] jo K01stH 3urtdopAad pue urBuo‘uolIngiysia

YL -MeIng yled Yl uo isosvmidd Jo AisenPay [eotydersoon)

neaiel] teqgBurl) uo 1501yewWA,] NOIYL JO UOLIBWIO JO UONPUC)

B D T P P

(BI) usMny -
VulAoa 18YSUID Ul pUNOID) UBZOJ, JO $IISLINVRILYD Pue uolinglusig
(81) spnys 11 % NCUm—Oﬂ N:O.F D T L r LI R TR T TR TRy

ungl, 8unsylv siowe;) mI] v pue nened
BurziX-teyBurd uo isosgEuiIdd Jo SAISLIEIRYD TwWOS

(8t) 4%0{0an) jo neaing teyBuld jo wed] |e01B0j0sn) BuuauiBug pue

1EBOJOIBOIP AT IS[eeevrrerrrrramseriariuiiiioniononiirtans enisestasenananas
sapninie] yStH ur eyl yita uosuvdwo) pue neaejd
BueztX -leyuid) vo uoHINGINSIA 1S0IJBWII,] JO SOTISLINOBIGYD) SWOS

(L1) ngzund) BudZ R UIDBUIR 31X seeerrtirmiicmriniiiiiiaienenrecann e
neaeld
Suezry -1eyButd uo isosjeusd ] jo 1uawdolaAsd Y2 J0j UOLIPUOD demI])

00070051 e dey sit pue
ueys usI['D UI PUNCID) UIZOI JO UOHINGIASIA JO ME] Y} UO UOISSROSIQ

s muudduﬂm (411343 B L P
MY UByS UMID) ur jsozgeuiid,] JOo AuIng

(1) mzip Sueny ¥ Sutbonn mip
TUTYD ‘UBYS UeBry Ut UONINALISIA 190IJEULI] JO SINISLIADRILYD disFy

Aw—v e 1 -:-’_N 17 TR T PP P e T PR I

*ounyoA 3dealsqe paysyiqnd Ut s3dBIlIBqR JO SOTITL

(C1) Buwgony vey -

(€1]9] TMONY M Peeerercernsrarenicrroniiorimenrresrioisinctisacnsrance

(r) urx3uod on5) B MZORIX QY «ooeee

(Z) ousyow!f 3nem B nzoewlY ny.-

R T L T T Y

UIMDIFJI0D) Jeaul 31 pue SLIMYA JIATY OYI Ul ISOIFRIId]

CIT) SULAUZ YT B OQBUIL TR s revretreenssrnieriencernnerasassenretesarssenses

euty) ‘3utuesury -ed jo we
UIYON Y1 Ut 1soyemuad jo uoneIey anjesadmioy jo Ae]

L R PPy

SutjusSur ovtX-vd ur is0sRuULI{ JO i da Eoﬁ._ow jo uonxdsuy

(8) e UEXBUOD ONE) trorertirrmiiieioroieoiiuiinainaictoransonssossnssnssnsnenes

BUYD 1SWYUON Ul PUNOID) USZOI4 jo Susdnied _S.o_nox pue 4ypeuoz

(9) 1m0 L I g BT P

ROIGD 1SEOYION ) UT 1SOIEUMI, |

9) sutjonys dusm B uoponn) unono

SU0Z o sulgg-ur EUIY) Ut soxpemaed pmny-yMH jo Burpiarg o1 wg

teseetreariarratesstete sttt asraaenrannn

000°000°¥:1 e
Bufgyul punoid) uszosd jo uOTINQUISIY Jo dew Iyl jo uolientdmo)

fneuoZ syt pur
BULDUT PUNOID) UIZOJY JO UOTINQUIISIA oY) uo uotssnaetd AsewiwNg

(1) ux3uoq ONE) B NBNOJL NOGZ +evvcrecrnocsuttvmneosnrmanesorsnsensss

euly) Ul 1sosgemusd JO SONISLIMBINYD disey

PUNOIY ueZ0J4 JO uOHRWIOY
PuR $213514030%ivy) ‘UoLINGLIQ”| UOISSOS

SINIINOD

(s108115qV)
LSOYIVINYEd NO HAONTITINOD

TVNOILVN AN? 40 SONIAFaD0dd

°V XIQNaddav

25

T Lt MO @ g T N e =




(SS) BUILINO A OB soreerrererresraestsunsssssnsomsasssasessennsnarss ssstassentons
Sunuelur-eq u! IsoseuLdd
30 aumuaxdwa] punol) UBIW A[YIUOW WNWIXBH JO UOIIBINIIED
(+S) aamilisul uSisa(] Puv AAING A1SI0F TYSINRA coveeeverseecens

SutjueBulX-vQ u! Bulawy]
Jeuoseag pue BuizRlg [RUOSEIS JO STIISHIRIDVIBYD

(25)  “1B 33 IPUBLTT Mgeescerveerereresannransotstuomnninaontieseebnstarunnotsneneens
BUIYD 1SWIYUON Ui 1S0JJRULIDd JO AJOISIH [EUONINOAZR UO Apmig [wdIMINN
(15) Sueparg my

Supseuisug Supind gt
01 uonoiddy siy pue 3[4el 1sosjeusidd 3o Yidad sy) Bujurwided 105 POYIW
S[qe], 150JJPuLIdd JO UOHIRINDIND JeOMIMUNN

(6F)  BUEY BUOYZ - cvsressrssesernnrssmssanion st sessortines shs s sansassaa it e s oo
Ll ]
30 9uo7Z eiadwal, S[PPIN Ul PUNOIY) UIZOJJ [BUOSEIS JO ANWY-UIZOIJ [WIMIWN
(BF)  ULA[IM Q- eeeerveeseersermonnsonans

UoI89y SNOUIBIUNOW

PIOD pue ySiH Ul JJAJN jJO UOHIERUINY PUB UONIdNIISA 19d180[0dF o sisdeuy
(LP) UNYIBUBYD "SYNUYD BUBAN-creerersresescsssstarsmsssininstiesotntnsonsn e cas

uie[d Suevpousg

ut amindudy pue spue’] dwesg 03 UOIDY Sursey]-3uizalg Jo UONIB[AIOD

(9¥) naur o

SuyjueBury-ed JO 118d UIIMIION 9yl Ul 150IJ0uLIdd
. SNOMUTIUOIUON 3O UONINGINSIA Y1 BUI[OIUCD SIOWEY [EIUIWUOIAUY
(EF) UN[OBYZ BIY oreoeresveronssnarmmmnsnumsonsnssnssissennnncenssnsessonene
punoIf) udzoig JO SISSEAAUD uo Apnig v
() BUBFBUID) UBILewsreoererenervmscesrsnnmtsrntasronanasassesmssus anessnssustan s
Suiuedury owiX-B(l JO BAVY 180JJBUId]
wr fewqrey Suoje punofy 3uldj pue 3uld] ju uollewlog pue uotinquusid

P T R LT

(Zv) 18 13 urueysg niH--
TuIy) ISESYUCN Ul swiojpueT [efce[SiIsd syl JO SINISIIIEIEYD dised
(1¥)  unfBurl SUBYZ B OPAYS [T rreercoerrrsrereesenoesss
usyg Aeijy Ul eUdwowyd ?.o&n:um

(UF)  RIEEYZ LD v memnvnveenesmovesnsnnnecnsaessonsus
2d4 ] ueys unuNY jo 1D A0Y UO

(Gl I L L LT ST R
sitsodag A1vussimd) Ul uolIEWIOZI( TEIMIONISUON JO -9H3IS13108IRYD JWOS

(8¢) ::du&:ﬂn—u yuny) BUBAA e eerret it re i et sra it et bee ra e receeanetae
ML pUNOIn 134T YNGY, 93 U
(28) Suoponn Suog) uerxBusg Buer ...
Aemyury SuezrX-reySurd) Suofe puncan) pIuIaNRy
(9€) 2dua1dg Jo dnoin) yYoreasdy Aemguiy BUBZIY -TRGBUID)«e- v vereneres
fenys8ry SueziY-reysuid) Buoje uajuoy
DIYOTY YA 1S0IJRMId] JO SYABIY UoTITuBoy pue Ljuwindsy uornnquisiq
(98) uUITIM uEN...
DU 98y 1YY pue AemyBiyy
SueziX -teqBuld) Buoje suNPNNG Ise) IBPIm-puEs JO SMISLINNILYD Sy,
(S¢) Sujjovus BUBA oo oeorasersarsestusacssntsmsasnsssessorerrrocesaneenrosssvennse
AemySiy BuwziX-feysurd) Suofe isreyowmrsyy
(rg)  Supjorys Jusm..--
LemyBiy SuezrY-teqsSuid) Buols uoIVY [eroR[BLIag JO SONISIAIRIBYD pur sadAy
() MIEIYZ VI -eeeecremsonnn srecremserentsae st an e ses eue aran srs aas £obasns aae
neaje]d SuveztiX-teyfuid) ur puosn pawaied pue soSui| u()
(2€) Burbond NID B BUOPONOBUIYD-++esscrvvrmes sisvsesumbernessee e cns
nene(d Sueziy-req8uil) uo urewd] SuiAedy-15044 JO UOHIRIIJISSE[D)
CIEY *1B 19 URMBULL BUBYZ - cooreireerrernemenronenttnssmsieenincaenesinanneenes

ueys LIy UL 1SOIFRWIS| JO HWIT] 13MO7] Yl UG IAA0D MOUS JO AdUINJuf
(62) SBuozeg VW B 1yzrx Suenp-..

neaefJ Juezi)-reyduil) wo veys onydung

ur ANPAIS 210[0ID) PUE SSAUNIIYL ISOIJBULD,] Y UIIMIIG UOKILILI0D)
1S04JPULId, | UO UMNNG (BN 8O0 JO 19y

(82)  BUOIBUDT LI reresseecrerersnann ittt et b et st s et et er b et b bt et e emn s

Buruesury oei1Y-eqg
Jo sary isonpemaa Bupnoadsoad sit pue idaempunosD) L3[ep Jo sANIsUNeIRYD
(12) ndid Budyz---
BurjueBurX-ed ul edly ISOIJRUd] JO SANISLIPRIEYD lvdiBojosBoapAy
(92) -oud:om ono... e ees s ece naeace et astaa et tee et reaaneretihnesrtecenassas
nexerd suezry
-1eq8uId) IswIquoN Ul eoly Isosjewnidd JO sAAL inempunoin Jo uoisialg
(92) uUnbIYS 18D B BUO R BUBYZ-rrerereevrrenr s sorremtnenniineiini e s

niamg
Suvz1X -1eqBuId) uo suorBay 1s0jeumidd Ul JNBM QuUNOI) JO UOLIEINJISER]D)

[CTATIIR 113 [iER BT G RO O P PO T P
Ay 190IvMIdd UT ANOSIY 1A QUNOID) JO UCLIENOAT

26




(S8) RUBUIYZ NY B UTXORYSG MY «revverrraessrnsnn srosrnsrtaussonanssssssnsans
s33104 BulaweH
15014 puw uollwuioja(] SulAwaH-15033 I[qeMmo[lVY UIIAIG digsuolie|oy
(¥8) unkBuoy) nA B BupHBUBYD BUOL toocroeerceereramssunansisiiuniieisn
$3010 ButAwdH{-1505] [WWION U0 YIIEAHIY
(¥8) 3Buoifiey] noyz B usgSuayd) IND -
‘53310 SulAwolj-1s03y Ieniussuel Jo sme] snolrepA uo Apuig
(£8) BualBuwyD) o B BUIUNBL ORIY - tressessrtcinniretiimecs oo
uolivls
omulf 1e uotlepunog 3] jo sadiog SutAesaf-1s01g [sfiuaBue] uoC YIIWIEIY
(28) adutroid BueiBuo[tel ‘Aurdwo)) uoleelsu] Pue UONINIISUOD)
yunog amesadwa), Ao  u! suononnsuo)) Jo nylisuf Suel(Suotof . -
ultsa(] Butieulduy
10J S[I0S 3AI1SIQOD) jO SII10g SulAedH{-1S0Jy [eN1uafue] Jo wie(] UO [IIwIsay
(08) ulwylY ONr) B U 08D erreen
peoT] Iopun uolje[nd[e)) ABIH 15014 Ul PO dtwvudpouwsayl
(08) 3uwiD) ngZ B FueiXigg BURYZ ceecerrercsreeeasntiiiinin
SutaweH 3s03g jo uonemos) 03 gwoiddy
(62) undBuoy) nx B SuelfBueg) SUOL «::-:eereerrstenniniiiitiiiie.
sSang JulAwa[{-15013 pue uoNRISI INISIOW UIMIIq digsuoliv[oy
(8L) M'IBUaYZ BUBAM v eereretercremmsnnnnanss Vhee teetetcessnscustan et ne sen eteaasons
suoliwoIzIsse[) JIIYL pue puvg
pautein)--autgd Jo sinotAvged SulAws[-1S0IJ dY) Uo uolssmosi(] Asvarwl[ssd

ves s st g ens et guntinane i

s ven

CLL) “T8 33 TBQOBEY USQL) w+etossoncrssorerssrstonthesontos ses ses us senasserasan crsoss
3utaeal 15014 UO PBOLIIA(D PUB WY UOTIWNINLIJ 18031 JO VT

Ahhv ‘e 19 -—«nOﬂﬂw MY sevceesissrencnenninieniae T T N T )
PUnOIn uazosg A[[2U0SEIS JO IABIL] 1501 Jo Sawy dIsed Yy 0} yYoeoiddy

(S2) 18 39 UIMI(] BUI(] +e-vvvvevrrvmemrnmmenierivmmnueiiioniettsecoin,
wIYC U POIW TedlsAyd--elea I
&Y s[tog I1STOW Jo solizados] MegL-150IJ Iyl UO SIATPNIS JO PVURAPY
(G51) NZOBIX MY ceecrecrvoninanenine
walsAs Punoan-ity ul sidjoweled jo wI[4osd UO!SIAUOT)

Y L T R L T T PR O T TP Y P P TP PP Y

(v2) uepn) SuenH B Suibons) NIY ceececcsirismnnniniiininiiina,
uolIstIOg 39 JO §53%03d ul ualwBI uol uolinjos

nexnvld uo suotddy

ISoJjeusd] Ul 39497) pamuyl Alouoseas oyl Ul AINISION JO uondIpaId

(22) ussSurf BuRyZ P UBUGIT] NGZ seecrscercsasinceasee

- s P . n . N

(12) uamd( BUI(r-vvrreesesoocaercn
wNskg Burmad( ue ul MG ANISIOW pue yida(y 15044 Jo uongindfer)
(0L) T8 19 UBTUUET BYZ -orrveees trertevssanmnessrrmie tnie beutinins st ae ereeens
PUNOID) UIzOIJ JO NVRJING Yl UO IJSUBLL SSEN-I8IY U0 ApPmiS [PPONV
(69) Suosyin® SueM P ueuur) RZ ceerrrveereesrncisieismnnseciioeeisonnane
neneld Y1 uo
SuoIB>y 1sojemIdd Ul 134w DRJING UO I SUBL] SSEW-IBIH Yl 01 yoeosddy
(89) ‘18 19 uama(g u:_Q Bt he den aus seaate nenere sents vanats vean bhu s abe et son naantnery
neaw]q Buezry
-1eyY3UID U0 PuUnoL) UIZOJJ O SAUNIBIG UIE JO APMIS Yl Ul siseqg SSeW-1894{
(19) uagurf pry B 1PASUOYZ N «e-eee-
S[I0S UdZ0XJ JO Auadoid 9111031311 uo Apmis Livuiwildid
(99) IYSBURNYS NIT B OB BUBM «rvvoscserrerornuesaramtonsnitiriisecanen
suo183y PIOD
uj SupacuIfuy peoy Jo sIIdolg JEOIOJOWIRYL Yl UO yNeIsay [wudwmisadxy
(£9) USBUI[ BUBYZ B BUBIXOBYZ OB corvervrrorvrronsensscronmuasaservarons
AMISIONW
YBIH P14 sfI0§ UIzOJJ Puk PIseyl Syl Yiog Jo ANANdRPUOD [RMILYL
(£9) °je 12 N_—odu::. w:n_—N....:.......::...

S[I0S U9Z0JJ Ul M
UdzOJJuU[) JO JUAUOD U0 UOIIBIIBA INSSAd JO 103)JF Uo Apmis Areurmijaid
(29) BUOBBUOYZ BUIZ B UDIUL MIT eovererorressessersrsornottorsinssas cnssnenes
9ABM J1UOSENI[) JO AJI00J9A UO JIOS UIZOJJ Ul UNISIOW JO OUIMNIFU]
(19) 18 19 BUOY N ceevrsctraiienreresentetauianssresseorssssectstntcsnsesssansasenss ey
£3190]3 A d1uosen|() gl uo S[I0S UIZOIJ Ul AMISIOW JO 19T
(09) Ul 08D B URABUBRYD I cwveseenes
1918M punog Sunejnd[e) jo PoyRW o) yseouddy
(69) w:.;:N |3 TR L P P P PP R PP PP T R PP O PR EPITRTPRITRENS
S[I0S U9Z01Jg JO SINPWWIBJ 2W0S U0 uofiv[no[e) Iduis

esenasnre

LIRTTRT Y

S|10s UeZOI4 Ul $9350304g puw

sofy10dorg edjunyden-031skyd dlse@ ‘|| uoisses

(9%) IPOWET] N B DZOWY MY oocvesersesniritanniiniiieiaiiiooni s
Ayl Put 15013
{euoseay Jo syida(] wowmixspy 3y ButuiwinnaQ 03 ydeslowoN

27

"o e v

SV

PN

Lo

o B

3




91L) *1e 12 75184 n:a-—N
sIotApgag [B2180[0aYY 1Yl uC S[I0S UIZ0I4 U! ANISIOW JO dduUIN|ju]

A«.——v ._N 19 ECGB_N 53 P T LR T T T P
110§ It M\ 134e[-93] jO sinotAeyag daai))
(E1L) ueyuay) 1INy N BUOIIRY MOGY «wrnreerrerssereerrin i

weo] FuljueulX-B(| UIz0lj 10}

SIUIIIIFJ20D) UOIIBPI{OSUOD) PUB JUIWINIAG ZuTARy] JO ejnwiog duaNiadxyx
(Zh1) 18 19 uljuen A Ny/------

S]T0S u?d20J4 jO UONIBWIIOJI(] Alssasdwol) puw 213ise]|a

(011) Buib3duey;) Sueyy -~
SUOHIIPUO’) SSAIS
x3dwWo,) JIpPun S[(0S UIZOJ4 }JO UleNIS pPuv §59J1§ UIIm}ay diysuolie|ay
(601) UBRDIYZ BUOL -+ veerrrorrrscoeenn e mrs s st st s
PITd u! sjioS pameyl pue Liepunog pameyl
U£014 Yl 10J 1SIL Jeday§ 10211(] 2[8IS-93I8 UO YdIwasdy [wiuawriadx gz
(601) 3uib3uey) BueyZ oot

s|foS u2zolg
Jo saliiadosd [ed80joayy Puv yi3uong jo Yoiwdsdy uo sjuduwdolard( swos

(801) urxn Bueqz ¥ BuexIur[ Bur(fe-oerereeeeer
1S0ajewid ] Ul WIBIOYOIUY JO $32I04 IULISISIY WIIL-3UOT ANBWII(] U0 YdIvosay
(201) [enyue(} BUdd B UIUIGE B - v oerersrnanencsnenersensnminnies e
uo!}! puo)) SSaNS [eiXeluf} Japun s[ioS UIZ0lJ jo sIolAsyog 3injieyg
(SOT) 1A0I[ BUBYZ B BUBMIZ Mp L eoceorerommomerrn ot st
S[l0§ U220l Jo Yi13uang [enpisay
(v01) oedun) Busg ¥ BuidBuey) SueyZ -:-ereee-

S{loS uazolg jo YiBudllg 1edys [eIXBlil JO SiholAwysd

(201) ‘je 12 tLetf w:S_N e e et meeenneat easeeadteaEE AN bea i ea e e otaaeeateer et ots

sinolApyag ainjleq 19yl pue s[los uszold Jo yiduang
(101) amwsadaal, mo0| Ui suollonnisuo)) jo Aminsul SuatfBuoroy------

aeds JieH Po39fe] jo uolw[noIe)

Jo K109yl 3yl 4Aq sjlog uazolg jo SwRIqoid [WOIUBYIIW JO Y218éIY
CLOL) 1B 39 TDBUIQ 91X rererremermimmenniiiinrsnic ittt s e e ans v

(Zop)--9yms paiepilosuc) Pue

pajeIniEsu() JIPUn S[10§ IAISIgo)) jo $NIadosd ARYL-15044 UC YOIWIENY

(O01) TBBUI L BIY verrerrrrrnsonsretsoiunenessnsnnraeeansosnreninesrisesaioan,

(ION)--91M1§ PIePIOSUOD)

Pue palemivsuN) IPuUn S[I0S IAISIYOD }O SN0 2BYI-saly U0 YoICasedy

(66) UIXOWGS MY cveveroveresseesenre ot surovomusbir omm soe sbsams sad oo 0o somm e one suass

TYRTRS

o

NVIS PAEPIIOSUO) U] IIPUN 1105 jJo snuddoiy Hutzadg
(RG6) SueyBuiyy Jui(------

$3%014 SulAmaj{-15014 [elIuadue] Uo Ydledsay |eludwisadrg Joopin(,
(16) amieradwal A0 ul sUOTIdNIISUO.) JOo ANINIsul JueifSuollaf] pue dUIA0|
ueifBuoto ‘Auedwiol) uONR[(RISUL PUR UOTIINIISUO) YIINOJ «s-eranenss
S[10S AIS3Y0D Jo AM[1413dIISNG 15014 UO YIleasay |eiuswizadxry
(96) BUBRBUIYD BUI([ rrereroranensrnnnnronaosoonamnutotsseniusiinmniee et e
uolie) Uuo] ALY pue [lo-lenpisay AY
suoljepunog 23id uo s104 Buires;|-isold [Bliueduv] Jo uoldNpay uo Apmig
(96) BuoiIny NOYZ ¥ udyBudYD) 1N - eereverertnnnnn
SUOIIBPUNO 01 §3010J BUIAEIH 15014 }JO UO!IIBIY UO YdJeasay [eiuawiiadiryg
(G6) 177 ONZ B TYZURLY ING -ctcervemsrmcesmieiiaiasionon

Puroin) ulzolg Aljeuossag UL uolldy adeioyauv-JIcS
Sli puB UOLIBPUNO4 3[Id O} $3010J BUIABIH-ISOI JO UOIIDEIY UO YIIBISIY
(¥6) “[B 19 UBJUBUIZ UBMLY »orooecrerenieeurminntun it ittt sreses savenenen
e Sutuieidy
olneIpAH U0 SIS0 BUIABIH-ISOI [BIUOZLIOH JO Ydieasdy [eludwisadxy
(86) BURBUIYD BUI(J rercereercreraromenmuiiettsioitit it e aes
$30104 BuiALI}-1SOIJ JEIUOZ1IOH UO YIIBISIY
(26) aunjesadwd], 407 Uf UOIPNIISUOD JO ANINISU] SuellBuoidpy «-----
weo] SueSelf ue) 10J JABIY 150Jg JO
JUNOWY PUR $30104 BUIA0}-1S0JJ [PWION UIM1aq diysuolle]ay uo sisk[euy
(16) JBOMOL TOYZ -+v e ossercunsenortsuanononstonsesisorssitinsiosststotaneteanssnne
uollepunoy Jo ediy pue weo] pueferf
U} JO §33104 FuIARIH-IS01g [PUWMION UIIM1I3Q dIysuolIR[IY UO YABISIY
(06) BUIYIBUIL 1BD e eecrromsousion rammrsson i st bt st it
se[nuuIog 119y pue
punoiy) uzoid A[[BUOSEIS Ul S30I0J BUIABIH-ISOI] [eution JO luamrsxdXg u()
(68) ::huncﬂo nA B Susl{BUBYD BUOL tvreererrriornuiniiiniiii i e,
SSING BUIABIH-130J4 U0 21EY FunEsauag 15014 Jo 3093
(88) un&8uoyd n’ 3 FueySudy, suol -
S31BIS PIUTENSIY UL ITPUN $33107 SUIASH-1501] [PULION
CL8) °18 19 1BGYUIYZ MY coeeoriosamromraanmuninanes

sdovIvpuUnOg jo
Sy 1UAIJICE IIPUN S3010 BUTABIH -IS0JJ |PULION JO UOLI¥INI[R)) [EIIAONYL
(98) soutaosq BuwifSuojroy ‘Ausdwo)) UOTIWI[RISU] PUR UOTIONJISUOD) YULNOJ
PuUB.3mBRJULy, A0 Ul USIWDNIISLOS JO SIMILIST] BuTHSIC[ILY .o
220 F-SUTARH 1S53 JRULION J0 DORRINIE)

28

fm e o el

K |




Srateiten st edtuenunssan

(vl) 3utmno owl B nhSuegD) ff---e--eree
uoiday 1sosjeuniad Ut uoljepunog SuIPPng o YdIwesdy [MuswWIIadrg

(6EL) enguam L LT U PR
uol8ay 1so1jewis ul 3ulpjing jo uOIdNIISUOD) Pue UBIsa(]
(BEI)NMBUOY BUBYZ ++covvor e erecerieraninnn e ie e et et e e e

suotday 1soiswiad Uf LPOYIS JUNIND UOIIENIIUIJ
qyida(l utyg, £q 1JeyS aully daaq oy u! Butaeg-1503J jJo 1S uoliEjhwIg
(RE1) moszonf bl R P T R P
uolBay 1s0JjEULIad U! JUTW [B0D INYSIY 1B PV lIwpley))
ut uohpdnnsyo) Arddng-1ate s asueisi(] Suor Y3 Jo ydeesay Jmuawiiadxy
CLE1) adid) uayZ ® 7 ap -
Suidid £jddng-aaep [pwayioada)g ul volieol[ddy §)T pue 1591 SulAsagiiuy
E0) Burkug 17 B a1 oy - :
owm!8ay [ewIaqL s Jo sisA[euy pue 1IN0 I3 M uoljerlssald w9 2deqys suod
(9g1)Lesytey jo Lnstutiy ‘aamnsul udisa(q Puv AAING §§]----+r-e oo
neaeld Suezi)-reyduld
uo uo!3ay sospeundd u! Sulreouifug sBuwutes] pue A(ddng-iEm o uBlseQ
CGET) ‘UL SR terevrrrmnrnrensnnrreinsireart i e i ien sesae sesaes ven
suol3dsy isoxsmus ul sadidaBeules(j
puw £1ddng 13194 3utdeT Jo POYIdSW oYl UO YIIBISIY [wuswiradXym
(t£() Buosiey Sumy - . .
neaeld Suwziy-req3utd) uo suoiSay ssosgumiad U! SHIAIND IIPUN ISOIWWILJ
Jo vty 1addf) relolyiyy 303 ejnuuog jeolndwyg 9yl JO UOTIBUTWING(]
(£€1) uByBuayD) D B BUOGZIBY NOYZ reverererrsrmrrerernorirnens
Aeaizy ul'T-uaN JO suol3oy isorfeunlad
Ul SHIAIND JIpuUn 1sdayruriad 10 taal Iadd() NIy Jo uoliediisaAu]
(ZET) NOKRG 9 «oovvevrnrorreerintnscrrniassnisamnannsrnanise
suol8ay 1so1wmIs ul Yoliepunoyg
MIAD) Jo yidag PunosyD Bulmeyl wo SPOYII UOIIRINIED) JO UOISSNISI(]
(ZE1) TOAURNGD) FYIT oo rrerererriiereimiiiiet i it ces e ese s s aen oes
uoTiwpunog aoreys
Rt saBplig wesg 1349915 UT 3ARIH-150I FuNusAIL] 10§ 991303 pue uBise
[QEARIR-1i1] . 1 CF G T T O S
suoi3ay Pplos uf souung u! nieiadwey ity

XTI TPRTT TNy

(1e1) ButmBuag atN -

(621) uamd(g 3ul§ ¥ FUOPOND BUAYD) +«+vrevrrereressrsreitsessiruensnsnnaranes
gwng Ul juamyuRqWy

puoy JO UOLONASUOD) Ul $8001J UIZOIJ JO SIsA[suy [ediiswayispw
(221) uamony [ /A T e T IR TP RPN
suYy IsoyEula{ u! Aemysiy Suwziy-wegluid)
J3pun seqqag uazold Jo uolisAlasay o) Buillg jo wyBloy wnwluiw gL
(921) nﬁ_so._x b1 Y R T ITR LY TSI PEP PP
neawfd 3uwziy-leq3uld) uo uoilay
1sospemiad uf juswysuqwy Lealtwy Jo 3gBloy [WIIXD Jo uohwulwieg
(SZ1) UPTUIYY UBI[ -eeereemeaianannantaniare e e ceesre e e se e tesaee e e ree s v
ulmyunoy uwuly 3va1d) ays jo suoilay isoljvwiag ul aulg
Asajley oy Buoje o3uld pus 28PIAN-9] 03 Apawdy Pue UONIUIAAY Iy uQ

(v21) Buwifteny] Tyg o-ceoeveees
591PIWdY Puv UOLIUIASIJ ilagl Puw
SutuelurX -vg ur suolday jsosjuwuiod ul Sulvduliugz Leaydiy o) safwwe(
(£20) opoe(] NYS B FUIWORIY BUBMEL:---o-cooveerorrreriramianiininns
a1y ]-punocid) aAlsswly utl Sulyn) Jo vondRMNsUO) pur ulisa(]
(€21) 3uoponD 3uayD) B UM BUI(Q «roceeeeeerrernareinines
punol) uIZ0J4 UO UOHINIILTOD)
wsmyuequy u! SurzeaulSuy [vuIoYL jO UOUWINO[YD) I Ul SWIHGOI] 4If VY
(221) 8uoziely Buv X B BUlWOBIY BUBRY ooerorvereeomeamcecniieninn,
apmidqng jo s1she] 3ulvnsul Jrulayl U! UORE[MSUT IH JO wolvzINf)
(021)dnoxsy yoreasay Leaydry usu_.x..—..—nnmo teeteetse s atser st snsnnsas
Keayldty SgeziY-leyBaid) uo suoiBay
1s035RTIad Ul JuswRARj Oonegdsy QA Judwyuequwyg Jo yBroy oy uQ
(611) Aeaydiy ayi wo s[rog paziiqug Jwmi1 Jo uoiwiddy suoIUNWWO))
Jo Ansiaty ‘AeaySiy jo RnINSUl uBIE([ Puv LIAING IST--cccvrerenenn
suotday 1s05vusg suldly ul 3ulzautdag
(611) uwgeuop\ 3uig...-- - eraesrtsetns teetrecannttasuarara ey rheseebusranass terauots
Aeung
peOY 9N215U0)) UG e JUMSISIY-150I7 Ul uwonejnoe) pae L10aqy udisaQ

OlY }SOLjRWIeY W

1401390138402 pue subiseq Bupesuibuz 1)) voissesg

(S11) IONQUBM BUSJ B UIEIIGE S ee-veeeeveesessomseborronsossissnntintonnanae
unssazd (WXBMU) IIPUN SIIOF VLA ut dIND UO YUY muImliadxy

29




(191) Jurty BunA 9 UIMUIM LA i s e
DIUIM Ul we yueyg
Jo uondnnsuo)) pue [fog jo Lixdoid Burzavsy pue Zurasgy

(191) 8uetjons) Jued--

outaosg Susif3uortey ‘Liuno:)
duon®) uey e 210G 23zeydsi({ pPOOLF JO UOIdNIISI(] uo uonIeBNISIAU]

(191) uetudusg uven®) --

suotday prod ut spyeidepy AUNPANG AN [NeIPAY Jo sedLL maN dwog

(091) uoysoyz oeyzZ ¥ urxoegg n) -
218} ] 2183POO[] JIURISISIY-1SOI] JOJ JINSBIW 21BN B[ UOSSIED) MPIn]g

(091) tamueny) Suty 2 eyuaM BUBM o vevetnrrai it e
suoISoy punosn) ulzolg [EUOSEIS
u! swaisg aBeufes(] uf soBewe(] 1SOIJ JO FINSBIW SAIIULAMLG

(6G1) IMINSUL QIILISIY N [NBIPLEL SUTUORIT rcerevrersvsvrracirannnnrrsonranenns

[eue)) uofie3ryyy prozadery u! BulAuay-1Soag JO UOTIINIISH(| Y uo uolssnasi(y

(6C1)NNINSUT Yourasay SNTIPAYL BUTUONIY «ov v e
shanseopy ButAmaytiny puw S1210u0n) ulelq
yus pauly [eur]) uonediug sapun s{log 2j4Lidsdsng 15044 JO UONIEDIJISST]D)
(BSE) BUBID) MGZ ovvrerrererrnn et on s tisei e e tne it n e e e ara e
nsue’) ul PARIN pues g s sjlosqng Jutoepday jo asnseap
341 Pue WIdBUOD YuA paulT yni(] uonedruy u! Bulaeapy 1so1g jo A1rxdold
[¢4:38] m:u.——=> WIIG o vre e st e b e bl st s e e e e b e e e
Bulmeyr-1s014
JO uoltdy dyl Jopun gNY(] uonedrar jo LAV1Ywig pue UOTIEWIOFI(|
CLGT) *JB 19 UIXOBYS MY reeetrcrmrooarrnestnrare ciettmaismetttattnmmontinonaeeienae,
s{log uazorg
[PUOSYIS U! SINIdNANS IV neiPAH o sBewe Joy APIWIY pPuv UOTIUIAII]
(PST) UTQBUOR JUBAL +oecrvvmmrerert ettt e et s e et v
uot3sy 1sosJewiad BuljuedulX v u! Lioldeg Jfedoy
sanyg 123(1 jo Butpling pleiH © JAPUN [mog MEBYL Yl Jo syohednsAuy
(£61) Bueipteny [ £ ST LT T TR TR P TR PR T DR PSR PP
Butmeyl puw 3ulzaig Aq pasne)
SutpueSut -8 ut A10108 Jteday Jang 193(] Jo 2Bewre(( Jo asnen) ayl uQ
(£S1) njdurp Buelf .

7 Suiping jo nyfeq uo yotiefnsIAul pue suolBay nluel jo soIewd]

251) ﬂu-—u&.:ﬂ &cw:». ...... L P

v pamey-uszold u! punoin) Burzassg eld1TuY Jo satizadosd SutsuiSug
(2S1) uekrp Bueyz------

punois)
uazolj [euoseag uf suoliepunog d!d Juuseig o uSisa(] pPue uolssnasi(]
(I1S1) ButwBuag 2IN------»

uoifiay isosjeuwrtad
uf arnizzadway 2AUBAIN e alasouo) Julj[lg uo Yorzasay [Piuswadxg
(16}) uixn7 ZueyZ -

PuUnoOIr) U9z0l4 Ul 18] JEIOYDUY UO YIIedsIY [EIuAW!IIEXY
(6V1) nIY3uop ALY «vvvennne

uoi8ay 1soxvwIaj u! uoiepunog 9fd jo Bulsay 1apojy Joopuj

(6¥1) enquayzZ 3ueyz --------
Poylap a3usogouy IA -pPueg--uoliepunod IPDULISISIY-15014

(8r1) 3uo[8UOZ B «ovveveerenn

nealejd Juezty-tegBuld
uo uoiSay isosjemwIad U! SUCIEPUNO 91 J [OH ISEIE UO YoIvasIYy
(¥1) woruay) 17

sadL] Sutreay 15014 jO

uonedljisse[) o1 Sulpiooy uolepunog Sulpping jo yida( jJo uOLINUIWIN
(SYI) 3uoiBuoZ BN B IBRYONYZ UG ws v eeeversrsersnesrmearnmeimnensiniesns

uolienfeAy

Iyl pue uoiSay 1soiyewIad Ul SUOIIEPUNOJ UOIPMIISUO) Aem[tey jJo sadAf
CPPI) BUOIBUOZ WP +oovvcrorroeorenmtrvnerarmsseroriarasnscnsariamesssersresnaaessesnes

nsIwld Bueziy-leyBuld) uo uolBay isoywwmiad u! Bulpiing

Bunhiwoy jo sl Buimwql i Bulutwisg Joj Bulddep 3w Jo PoyIaN
(VL) BUOIONA OBYGZ wrerevmrerrernrennemornrniiint ittt b

uo'day soigwmiad u! Julpying

$ulway jo uvolwpunog 20j yYida( Jutaryl Sy uo uohwindwo) Jo UCIELNII()

(Sv1) nguwif Suspp ¥ Suowuna oegz-

usiday soIFRWIS

ul Surpring Sulwdy JO wolspunog 10} qdsg Burieql oy uo uwotmindwc))
(Z¥1) Zulunsji owmtY B BUBBURYD) SH - coeverereer e tranne et s ae e

3utpring paiwsH Jo awjd Sutawyy

(Ir1) Aeafivy jo Ansiuip ‘ayniiisuf usisaJ pue LIAING 3s[--re---

nenw]d Suwzi)-laqluld) uo uoldsy Ip0sjemsad
ur suolyepanog 3ulpring Jo saidioulzyd pue LiTfiquidepy uo satpmg

PRy A

30




(081) 1® 1> Suagsatf BoeqZ--

poywp otaoseat) £q 110§ UIzozx JO sa1139d0ad
[eoluegep aqt Jutwrmaad 10§ sionpsuvly jo un::.z pus Bo1udisa(]

6L1) (v 2 gedBygens) -
IPWOMIIYY, JOISTWINYL UOISIIAL 19304

(8L1) oe3un)) Suag ® 3wdduey) SuegZ - rerverreranee e peeataas
snieqeddy 29998
jetxutay, apew-omoiy Jatsny £q [rog wazolg uo 191 Y Ul SUIRG0Id IWOS

(Ll1) wang Ouu..............................:.................................2...... .
SPOYP 1531, S Pu® [I0S uIZ034 JO SHNS UO vOISSNSI (Y

(9L1) (¢ 12 3yoy ng-- Preessenenenersanacne baereerassesuanersrrsianen
POyl 198160 £q [fog WIzoJJ UT 1WANWOD 138 UIZOJJU[} JO UONIBUILLIAL(

(SL1) 8voy ng B Sudgsull Joenz -
jlos uszoag u!

WU INBA udZoJU] Ayl ButwluuNd( 0} SPOYW 1B19A9S JO sishjsuvy

(P11 vid ‘sd30D 92600 ‘dnorD Suisudg oWy csneaiaveen e
w1y uimignoW usIH ot
103pvwaad oy Suhedliseau] o) safemy 1espur] o uonwtiddy Amutmrisig

(£11) uerxsusg 3uwl] ¥ IniduwlX on7 -
2y WegS
uvl] gl jsoJemIad 3O _3338._8:: oy 01 saSwvwf ¥spusy jo suonwljddy
(221) oasd ngD B ONYIRJ noyZ-- RS
POYIIN OUEIIS SUOHIPEIOI MO[I¥qS £q J[qulL 10IsmRd o uorwsodxy
12Ty v 19 1qz1 A Juwny - orae
wargD) Bl £2AINS 1503PRWINY 01 POTWW ..2&.180 o aomaa_e_c

b eesavs o ol s hsS Vassep arssssaN e st s

sonbiuyssy Guunszely pus uolywiopdx3 Al uoistes

1yeys dxd
v Jo =a>» u’zolg Yl Ut $SIS g oyt U0 SUOIISINY) AWOS O TOIEIRMI(]
(691) us} BuwyZ - Ceteereraeets rtrereresane e sesesar s s

wlasi] Sutaty Hued ¥ yeys 400 ®* Ul [I*M
u3z0z{ J0 UONIPWIOZ AP JO s'sjvUY WA F Alulg | BO NIy

(891) oBqUIM uwIYD-:
pinstg Bututiy fueg e
eys 493(1 © JO 1ITA udzO33 Wi ut anedwo] UL Y UO YIIREIY VY

(B9T) TXUBAM MOYD) --roveecervererrortemammvmenaspsnsssnstsonsrsanss

(291) GeuBnY] NYZ B M BUr(feceemrenrererrinn e
adaexg ure sv spridqag Fulpilng
gr 0§ [PwIAYL Y U0 APMIS Y SUlYuL--SUOTIONIISWOD) OISR
ut sajdioutsd otseg 3oyl PUT su[qosd SulzoumiBug mnisyy
(SY91) urxat Buvyz ® 3gex3ulf 3mQ--- [ R R TP YT YT
neaeld u_._:_x.:nn_zo uo suoiBay isorjemiag
Ul UOTIONLISUOT) PROSTRY JO SWIGOI] (eat30109D-Sutsouliug smog
£SOT) BUBMIZ MM «orvoress oo sostitntssanussrtsssusse bes et ser an a s gt gt smaana s
uotionwuo)) Sulzxnuidug 207 PUROID USZOIZ JO WO D)
(E91) QXTOR QI e oo reesrsensssssascencinass smssnsons sestan srssiesusstssursissnsense o
suly) u! Supssutduy uolidnaisuoe) 10y PUNOID) UIZOJJ WO SIYOIINMY [PIUID)
(£981) BusyBuiy)d SUIT ‘BUBATIZ DM osionscsamtomtaionmmmsmiaeiininme e
Lnono)) mo gt
uot8ay W0JjewIdd Ul UOIIdANITOD) Sgieeu'fng jumodw] VO SAPMIS IWOS
(291) uskim FuegZ B 1bIY Y cercencncenn
s07 wdzozy A[fvcossag ul anweo Suhensu] prwlgy
wmogHa JwA g Puoksd 3uloD UONIMIEOD WR( WivE I° uoisnmI(}

O T R TR T NI R)

ey 10 ool

31

A S Ay Witber

———

e

T

——————— -




APPENDIX B. PAPERS PRESENTED AT CONCURRENT SESSIONS

SESSION I. DISTRIBUTION, CHARACTERISTICS AND FORMATION OF FROZEN GROUND

14 OCTOBER 1981, MORNING Page*

Zhou Youwu and Guo Dongxin, Basic characteristics of permafrost 1
in China

Lu Guowei et al., Zonality and regional patterns of frozen 6

ground in northeast China

Dai Jinbo and Li Enying, Law of ground temperature variations in 11
permafrost in the northern part of Da—-Xinganling, China

Xu Xiaozu and Wang Giachenu, Distribution of frozen ground, 2
its zonality and compilation of a 1:4,000,000 map of frozen
ground 1in China.

Xie Yingqin and Zen Qunzhu, Climatic and radiation conditions for 17
permafrost development in the Qinghai Xizang Plateau

Han Xuchang, Permafrost in river valleys and its linear 13
coefficient
AFTERNOON
Guo Pengfei, Outline of permafrost in the Qilian Shan area 15
Cheng Guodong and Wang Shaoling, On dividing high altitude 6
permafrost of China into zones
Wu Ziwang et al., Discussion on the law of frozem ground dis- 16
tribution in Qilian Shan and its mapping at 1:500,000 ~.

Tong Boliang, Permafrost map at 1:60,000 along the Qinghai- (no abstract)
Xizang highway; principles and method of compilation

Gui Guoging and Huang Yizhi, Basic characteristics of permafrost 14
in Tian Shan, China

L1 Shude and Zhang Tingjun, Basic features of periglacial 41
phenomena, Altai Shan, China (missed presentation)

15 OCTOBER 1981, MORNING

Wang Chunhe (Changchun), Correlation of frezing-thawing action to 47
swamplands and agriculture in Sanciang Plain

Cui Zhijiu On rock glaciers of the Kunlun Shan type 40

* See abstract volume.
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Zhang Wenxin, The characteristics of sand-wedge cast structures
along the Qinghai-Xizang highway and the significance of their
size

Wang Shaoling, Types and characteristics of periglacial action and 37
thermokarst along the Qiughai-Xizang Highway

Cheng Guodong, Distribution regularity and recognition marks of 36
ice~rich permafrost along the Qiughai-Xizang highway

Liu Xinwu, Environmental factors controlling the distribution of 46
discontinuous permafrost in the northern part of great Khingan
Ranges

AFTERNOON
Xu Xiaozu, Conversion problem of parameters in air-ground system 75
Zhong Xing, Natural freezing rates of the seasonally frozean ground 547

in the middle temperate zone of China

Guo Dongxin and Li Zuofu, Evaluation of permafrost in northeast 21
China since late Pleistocene and its age of formation

Sun Jian Zhonz et al., Paleoenvironment of the last glacial stag:. 23
in northeast China

Xin Jeming, Chemical weathering and leaching in permafrost (no abstract)

Cuil Zhijiu, On pingos and patterned ground on the Qinghai-Xizang 33
Plateau

16 OCTOBER 1981, MORNING
Xia Zhaojun, A study of cracking in frozen ground 43

Qiu Guoging, Classification of frozen terrain on the Qinghai-Xizang 32
plateau

Luo Xiangrui and Liang Fengxian, Application of Landsat images to 173
interpretation of permafrost in the Tian Shan

Huang Yizhi, et al. Geophysical methods (see paper in Memoirs No. 2) 171

Liang Fengxian, Use of aerial photographs to interpret (no abstract)

ground ice features

Lu Guowei (for author not present) Relationship of forest (no abstract)

industry and permafrost in northeast China.
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SESSION II. BASIC PHYSICO-MECHANICAL PROPERTIES AND

PROCESSES IN FROZEN SOILS

14 OCTOBER 1981, MORNING

Xu Shaoxin, Approach to the basic laws of frost heave of seasonally frozen
ground.

Zhu Qiang, Approach to calculation of frost heaving.

Wang Zhengqiu, Preliminary discussion on the frost-heaving behaviors of
fine-grained sand and their classifications.

Gu Zhongwei, Preliminary study on dielectric property of frozen soils.

Ding Dewen, Calculation of frost depth and moisture state in an open
system,

Zhu Linnan, Prediction of moisture in the seasonally thawed layer in a
permafrost region on the plateau.

Kang Ruiging, A solution of a comprehensive process with heat and moisture
transport in frozen ground by the analog computer.

AFTERNOON

Zhu Linnan, Approach to the heat-mass transfer on the surface layer in
permafrost regions on the plateau.

Qiu Guoqing, Solution ion migration in the process of ice formatiom.

Liu Jinren, Influence of moisture in frozen soil on the velocity of
ultrasonic waves.,

Tao Zhaoxiang, Thermal conductivity of both the thawed and frozen soils
with high moisture.

Fu Rong, Effect of moisture in frozen soils on the ultrasonic velocity.

15 OCTOBER 1981, MORNING

Sui Xianzhi, Research on data of tangential frost-heaving forces of cohe-
sive soils for engineering design.

Cui Chenghan, Study on various laws of tangential frost-heaving forces.
Tong Changjiang, Research on normal frost-heaving forces.
Xu Zhenhai, Relationship between allowable frost-heaving deformation and

frost-heaving forces, and theoretical calculation of normal frost-heaving
forces under different areas of foundations.




Guan Fengnian, Experimental research of horizontal frost-heaving forces
on a hydraulic retaining wall.

Chen Xiaobai, Effect of frost penetration rate and overload on frost-
heaving.

Yu Chongyun, On the tangential frost-heaving forces.
AFTERNOON
Ding Qingkang, Research on horizontal frost-heaving forces.

Tong Zhiguan, Experimental research on large-scale direct shear test for
the frozen-thawed boundary and thawed soils in the field.

Ma Shimin, Experimental research on creep behavior of frozen soils under
uniaxial compression tests and failure behavior of frozen soils.

Wu Ziwang, Discussion on problems of rheological behavior in frozen soils.

16 OCTOBER 1981, MORNING

Xie Yingqi, Research on frost-thaw properties of cohesive soils under
saturated and consolidated state.

Liu Hongxu, Research on mechanical problems of frozen soils by the theory
of calculation of layered half space.

Wu Ziwang, Residual strength of frozen soils.

Zhu Yuanlin, Elastic and compressive deformation of frozen soils.

SESSION III. ENGINEERING DESIGN AND CONSTRUCTION IN PERMAFROST

14 OCTOBER 1981, MORNING ™~

Huang Xiaoming, Design and construction of cutting in massive ground-ice
area.

Bing Wenshan, Design theory and calculation in frost-resistant layer on
concrete surface.

First Survey and Design Institute of Highway, Ministry of Communications:
Application of lime-stablized soil on the highway engineering in alpine
permafrost regions.

Liu Yongzhi, On the height of embankments with asphaltic pavement in perma-
frost regions on Qinghai-Xizang highway.

Ling Chuanwei, Design and practice for preventing frost-heave in sleeper
beam bridges with shallow foundations.
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Wang Ziyuan, Ministry and Railway: Studies on adaptability and principles
of building foundations in permafrost regions on the Qinghai-Xizang
Plateau,

AFTERNOON

Ye Bayou, Discussion of calculation methods on the thawing ground depth of
culvert foundations in permafrost regions.

He Jie, Experimental research on the method of laying water supply and
drainage pipes in permafrost regionms.

Zhang Jianqiu, Design of water-supply and drainage engineering in perma-
frost region on the Qinchai-Xizang Plateau.

15 OCTOBER 1981, MORNING

Zhao Yunlong, Discussion of computation on the thawing depth for foundation
of heating in permafrost region.

He Changgeng, Thawing plate of a heated building.

Li Chenlong, Determination of depth of building foundations according to
classification of frost heaving types.

Chen Zhuohuai, Types of railway construction foundations in permafrost
region and their evaluation.

Chou Wanxi, Discussion of some questions on the earth stress in the frozen
wall of a deep shaft.

AFTERNOON

Ding Qingkang, Long-term pull resistance of anchorage rod in permafrost.
Zhang Luxin, Experimental research on the anchorage plate in frozem ground.
Ding Dewen, Numerical study of the freezing process of the shaft wall.

Xu Shaoxin, Prevention and remedy for damage of hydraulic structures in
seasonally frozen soils.

Sun Yuliang, Deformation and stability of irrigation ditch under the action
of frost-thawing.

16 OCTOBER 1981, MORNING

Kon inuan, Classification of frost susceptible soils under irrigation
canals lined with plain concrete and antiheaving measures.
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Ling Chuanwei, Preventive measure of frost damages in drainage systems in
seasonally frozen ground regionms.

Guan Fengnian, Some new types of hydraulic structures adaptable in cold
regions.

Wang Liang, Thawing and freezing properties of soil and construction of
earth dam in winter.

Li Anguo, Calculation of the normal frost—heaving forces on lined plates of
a ditch.
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Shi Yafeng
Zhou Youwu
Wu Ziwang
Cheng Guodong
Li Yusen

Lu Zhaojin

L1 Jia

Huang Xiaomin
Wang Zhugui
Xin Wenying
Xu Shaoxin

Wang Lian

Dai Jingbo

Liu Hongxu

Lu Guowei

Dr, and Mrs.

Daisuke Kuroiwa
Dr. Yin-Chao Yen

Dr. Jerry Brown

APPENDIX C

PARTICIPANTS IN BANQUET -~ 12 OCTOBER 1981

Lanzhou Institute of Glaciology and Cryopedology
Lanzhou Institute of Glaclology and Cryopedology
Lanzhou Institute of Glaciology and Cryopedology
Lanzhou Institute of Glaciology and Cryopedology
China Academy of Railway Sciences

China Academy of Railway Sciences

Northwest Institute, Railway Sciences

Northwest Institute, Railway Sciences

Northwest Institute, Railway Sciences

Qi-Qihar Railway Bureau

Water Conservancy Scientific Research Institute

Northeast Institute of Survey and Design, Ministry of
Electricity

Third Institute of Survey and Design, Ministry of
Railway

Heilongjiang Provisional Low Temperature Comstruction
Science Research Institute

Yakeshi Institute of Forestry Survey and Design

Hokkaido University

U.S. Army Cold Regions Research and Engineering Lab.

U.S. Army Cold Regions Research and Engineering Lab.

39

Rbent. S W B TS T TR e W T




|

APPENDIX D.

Bing Wenshan

Cal Jingcheng

Cai Shiquan

Cao Fuen

Chang Chun

Chen Daweil

Chen Wenbao

Chen Zhuohuai

Cheng Guodong

Cheng Xiaobai

Chou Wanxi

Cui Chenghan

Cui Zhijiu

Dai Jingbo

Ding Dewen

Ding Jingkang

Ding Qingkang

Dong Ziguan

*Numbers refer to pages in abstract volume. (See App. A.)

PARTICIPANTS AND CONTRIBUTORS, 2ND NATIONAL
CONFERENCE ON PERMAFROST

Harbin Institute of Construction (119)*

Heilongjiang Province Water Conservancy School

Qinghai Ge-er-mu lst Hydrological and Engineering

Geological Team (26)
Southwest Communications College (177)

The Changchun Institute of Geography, Academia
Sinica (38)

Northwest Institute of the China Academy of
Railway Sciences (172)

Institute of Coal Science (169)

Northwest Institute of the China Academy of
Railway Sciences (145)

Lanzhou Institute of Glaciology and Cryopedology,

Academia Sinica (6, 32, 37, 123, 129)

Lanzhou Institute of Glaciology and Cryopedology,

Academia Sinica (77, 94)

Huinan College of Coal (169)

Ministry of the Railway Third Institute of Survey
and Design Frozen Ground Team (84, 96, 113, 133)

Beijing University Geography Department (22, 33,

40)

Ministry of the Railway, 3rd Design Institute
Peking University (6, 8, 11)

Lanzhou Institute of Glaciology and Cryopedology,

Academia Sinica (52, 68, 75, 123, 129, 168)

Northwest Institute of the China Academy of
Railway Sciences (167)

Northwest Institute of China Academy of Railway
Sciences (93, 96, 108, 163)

China Academy of Railway Sciences
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Du Weiyin

Feng Cunyao

Fu Liandi

Fu Rong

Gao Min

Gu Zhongwei

Guan Fengnian

Guo Dongxin

Guo Hanbing
Guo Pengfei
Guo Shulan

Guo Xinmin

Han Xuchang
He Changgeng

He Changyu

He Jie

He Yixian

He Xin

Heilongjiang Yichun City Fenglin Forestry Bureau
(48)

Northwest Institute of the China Academy of
Railway Sciences (104, 178)

Lanzhou Institute of Glaciology and Cryopedology,
Academia Sinica (52, 56)

Northwest Institute of the China Academy of
Railway Science (61, 63, 175, 176)

Lanzhou Institute of Glaciology and Cryopedology,
Academia Sinica (60, 80)

Lanzhou Institute of Glaciology and Cryopedology,
Academia Sinica (67, 171)

Institute of Water Conservancy and Design of
Heilongjiang Province (94, 161)

Lanzhou Institute of Glaciology and Cryopedology,
Academia Sinica (1, 10, 21, 28, 52, 68)

First Highway Survey and Design Institute
Peoples Liberation Army Unit 00926 (15, 26)

Shengyang Institute of Minerology

Lanzhou Institute of Glaciology and Cryopedology,
Academia Sinica (80)

Yakeshi Forestry Design Institute (13) i
N

Ministry of the Railway Third Imnstitute of Survey
and Design Frozen Ground Team (83, 142)

Ministry of the Railway Third Institute of Survey
and Design (140)

Ministry of the Railway Third Institute of Survey
and Design (135, 136, 137)

Lanzhou Institute of Glaciology and Cryopedology,
Academia Sinica (171)

Lanzhou Institute of Glaciology and Cropedology,
Academia Sinica
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Hou Zhongjie

Huang Cuilan

Huang Xiaoming

r Huang Yizhi

Jiang Mingfu

l Jiang Ping

/ Ji Lianwu

Jin Naicui

[ L1

| Li
Li

Li

Li
Li

Li

L1

Li
Li

15

Chenglong

Enying

Fenhua

Guoliang

Guangpan

Jia

Jijin

Shude

Youmei
Yusen

Zuofu

S e st —— . - -

Northwest Institute of the China Academy of
Railway Sciences (176)

Lanzhou Institute of Glaciology and Cryopedology,
Academia Sinica (74)

Northwest Institute of the China Academy of
Railway Sciences (122, 123, 126)

Lanzhou Institute of Glaciology and Cryopedology,
Academia Sinica (14, 29, 171)

Yakeshl Forestry Design Institute (153)

Lanzhou Institute of Glaciology and Cryopedology,
Academia Sinica (77)

Northwest Institute, China Academy of Raillway
Sciences

Water Conservancy Science Research Institute of
Heilongjiang Province (87, 101)

Qinghai Construction Survey and Design Institute
(147)

Ministry of the Railway 3rd Survey and Design
Institute (8, 11, 59, 136)

The Changchun Institute of Geography, Academia
Sinica (42)

China Academy of Railway Sciences

Lanzhou Institute of Glaciology and Cryopedology,
Academia Sinica (60, 179)

Northwest Institute, China Academy of Railway
Sciences

Lanzhou University

Lanzhou Institute of Glaciology and Cryopedology,
Academia Sinica (18, 31, 41)

Qinghai Coal Mine Design Institute (138)
China Academy of Raillway Sciences

Lanzhou Institute of Glaciology and Cryopedology,
Academia Sinica (6, 8)
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Liang Fengxian

Lin Fengtong

Lin Zerong

Ling Chuanweil

Liu Hongxu

Liu Jimin

Liu Jinren

Liu Shuangshi

Liu Tieliang

Liu Xinwu
Liu Zhecuen
Lu Guowel
Lu Zhaojin

Luo Xiangriu

Luo Xuebo

Ma Shimin

Ma Zonglong

Mi Farong

Nie Fengming

Lanzhou Institute of Glaciology and Cryopedology,
Academia Sinica (37, 173)

Heilongjiang Institute of Forestry Design (24,
25, 28)

Changchun Institute of Geology (23)

Heilongjiang Shuihua County Water Conservancy
Bureau (132, 160)

Low Temperature Construction Research Institute,
Heilongjiang Province (149, 165)

Lanzhou Institute of Glaciology and Cryopedology,
Academia Sinica (63)

Lanzhou Institute of Glaciology and Cryopedology,
Academia Sinica (62, 67)

Communications Bureau, lst Institute of Highway
Design (66)

Northwest Institute of the China Academy of
Railway Sciences (51)

Peking University, Geography Dept. (6, 46)
Nanjing University

Yakeshi Forestry Design Institute (6, 10)
China Academy of Railway Sciences

Lanzhou Institute of Glaciology and Cryopedology,
Academia Sinica (173)

Lanzhou University (75)

Lanzhou Institute of Glaciology and Cryopedology,
Academia Sinica (107, 166)

Northwest Institute of the China Academy of
Railway Sciences (144, 145, 148)

Lanzhou Institute of Glaciology and Cryopedology,
Academia Sinica (29)

Ministry of the Railway Third Institute of Survey
and Design (131, 151)
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Pang Guoliang

Peng Wanhuai

Qiu Guoqing

Qiu Shanwen

Qu Xiangmin

Shi Huailiang

Shi Yafeng

Shu Daode

Shui Tilin

Shui Xianzi

Shui Xielan

Sui Xianzhi

Sun Jianzhong

Sun Yuliang

Tao Zhaoxiang

Tian Qingfeng

Tong Boliang

Tong Changjiang

Heilongjiang School of Hydraulic Work (161)

Lanzhou Institute of Glaciology and Cryopedology,
Academia Sinica (107, 118)

Lanzhou Institute of Glaciology and Cryopedology,
Academia Sinica (14, 32, 74)

The Changchun Institute of Geography, Academia
Sinica (42)

Institute of Water Conservance Survey and Design,
Heilongjiang Province (87)

Yakeshi Institute of Forestry Survey and Design
(124, 153)

Lanzhou Institute of Glaciology and Cryopedology,
Academia Sinica

Northwest Institute of the China Academy of
Railway Sciences (123)

Heilongjiang Institute of Hydrology (157)

Heiliongjiang Provincial Scientific Research
Institute

The Changchun Institute of Geography, Academia
Sinica (42)

Water Conservancy Sciences Research Institute of
Heilongjiang Province (95)

Jilin Institute of Geology (23)

Bureau of Electricity, Northeast Institute of
Hydroelectric Experiment Survey and Design (157)

Lanzhou Institute of Glaciology and Cryopedology,
Academia Sinica (63, 72)

Qigihar Railway Bureau Institute of Technology
(43, 125)

Lanzhou Institute of Glaciology and Cryopedology,
Academia Sinica (18, 31)

Lanzhou Institute of Glaclology and Cryopedology,
Academia Sinica (79, 84, 88, 89)
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Tong Zhiquan

Wang Chunhe

Wang Fubao

Wang Guirong

Wang Hongbin

Wang Jiacheng

Wang Jianfy

Wang Jianguo

Wang Liang

Wang Shaoling

Wang Wenkai

Wang Yaqing

Wang Yue

Wang Yuzhuo
Wang Zhengqiu

Wang Zhugui

Wang Zijun

Northwest Institute of China Academy of Railway
Sciences (109)

The Changchun Institute of Geography, Academia
Sinica (38, 47)

Nanjing University, Geography Dept. (39)

Lanzhou Institute of Glaciology and Cryopedology,
Academia Sinica (69)

Yakeshi Forestry Design Institute (155)

Lanzhou Institute of Glaciology and Cryopedology,
Academia Sinica (2, 10, 20)

Qiqihar Railway Bureau Institute of Technology
(142)

Water Conservancy Sciences Research Institute of
Heilong jiang Province (101)

Bureau of Industrial Electricity, Northwest
Institute of Hydroelectric Experiments Survey and
Design (162)

Lanzhou Institute of Glaciology and Cryopedology,
Academia Sinica (6, 34, 35)

Heilongjiang Institute of Hydrology (160)

Lanzhou Institute of Glaciology and Cryopedology,
Academia Sinica (77)

Communications Bureau, lst Institute of Highway
Design (66)

Jilin Iustitute of Geology (23)
Harbin Institute of Architecture (78, 165)

Northwest Institute of China Academy of Railway
Sciences

Lanzhou Institute of Glaciology and Cryopedology,
Academia Sinica
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Wu Zhijin

Wu Ziwang

Xi Yingqin

Xia Zhao jun

Xian Cunde

Xiang Bingchan

Xiaoc Youming

Xie Yingi

Xie Youyu
Xin Wenying

Xu Shaoxin

Xu Shuyin

Xu Wen

Xu Xiaoxin

Xu Xiaozu

Xu Zhenghai

Yang Hairong

Bureau of Industrial Electricity, Northwest
Insitute of Hydroelectric Experiments Survey and
Design (162)

Lanzhou Institute of Glaciology and Cryopedology,
Academia Sinica (102, 105, 112, 114, 116, 163,
165)

Lanzhou Institute of Glaciology and Cryopedology,
Academia Sinica (17)

Northeast College of Agriculture, Department of
Hydrology (43)

Lanzhou Institute of Glaciology and Cryopedology,
Academia Sinica (70)

Anhui Coal Mine Design Institute (152)

Ministry of the Railway Third Institute of Survey
and Design (55, 83, 140, 142)

Institute of Water Conservancy Survey and Design,
Heilongjiang Province (17, 77, 100,101, 163)

Institute of Geography, Academia Sinica (6, 22)
Qi-Qihaer Railway Bureau

Heilongjiang Institute of Hydrology (85, 99, 157,
160)

Department of Geology and Geography, Lanzhou
University

15th Geological Team of Qinghai Bureau of Geology
(18)

Heilongjiang Provincial Scientific Research
Institute

Lanzhou Institute of Glaciology and Cryopedology,
Academia Sinica (1, 56, 68, 75)

Institute of Water Conservance Survey and Design,
Heilongjiang Province (87)

Northwest Institute of the China Academy of
Railway Sciences (122, 134)
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Ye Bayou

Yu Chongyun

Zeng Qunzhu

Zeng Zhonggong

Zhang

Zhang

Zhang

Zhang

Zhang

Zhang

Zhang

Zhang

Zhang

Zhang
Zhang
Zhang

Zhang

Zhang

Changqing

Jiayi

Jinsheng

Luxin

Qingyun

Rongwu

Shixiang

Ting jun

Wenxin

Xing
Xiuhua
Yan

Yiyan

Yong

Northwest Institute of the China Academy of
Railway Sciences (51, 132)

Lanzhou Institute of Glaciology and Cryopedology,
Academia Sinica (79, 84, 88, 89)

Lanzhou Institute of Glaciology and Cryopedology,
Academia Sinica (17)

Lanzhou Institute of Glaciology and Cryopedology,
Academia Sinica (62, 171)

Northwest Institute of the China Academy of
Railway Sciences (104, 109, 110, 178)

Lanzhou Institute of Glaciology and Cryopedology,
Academia Sinica (102, 105, 112, 114, 116)

Lanzhou Institute of Glaciology and Cryopedology,
Academia Sinica (61, 63, 72, 175, 176, 180)

Northwest Institute of the China Academy of
Railway Sciences (151, 167)

Shenayang Institute of Minerology (23)

Ministry of the Railway First Institute of Survey
and Design (139)

Gansu Water Conservancy Bureau (80)

Lanzhou Institute of Glaciology and Cryopedology,
Academia Sinica (31, 41)

Lanzhou University Geology and Geography o
Departments (19, 36, 63) Ten

Jilin Institue of Hydrology (49)
Xian Highway Institute (66)
Institute of Coal Science (169)

Heilongjiang Lindian County Water Conservancy
Bureau (152, 163)

Qinghai Ge-er-mu lst Hydrological and Engineering
Geological Team (26)
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Zhang Zhenhua

Zhao Wenhua

Zhao Yunlong

Zhao Zuoshen

Zheng Qipu

Zhong Wenxin

Zhou Changqing

Zhou Kaijiong

Zhou Kaizhong

Zhou Fuchun

Zhou Yajie

Zhou Youcal

Zhou Youwu

Zhou Zhangqing

Zhu Linnan

Zhu Qiang

Zhu Xuewen

Zhu Yuanlin

Zuo L1

Northeast College of AGriculture, Department of
Hydrology (149)

Heilongjiang lustitute of Forestry Design (139)

Qiqihar Railway Bureau Institute of Technology
(142, 143)

Heilongjiang Institute of Hydrology (160)

Ministry of the Railway 3rd Design Institute
Frozen Ground Team (27, 137)

Lanzhou University Geology and Geography f
Departments (19)

Low Temperature Construction Research Imstitute .
of Heilongjiang Province (94)

Ministry of the Railway Third Institute of Survey
and Design Frozen Ground Team (84, 96, 113)

Ministry of the Railway, Third Institute of
Survey and Design (133)

Northwest Institute of the China Academy of
Railway Science (172)

Jilin Institute of Geology (23)

Low Temperature Construction Research Institute
of Heilongjiang Province (91)

Lanzhou Institute of Glaciology and Cryopedology,
Academia Sinica (1)

Heilongjiang Low Temperature Comstruction
Research Institute (165)

Lanzhou Institute of Glaciology and Cryopedology,
Academia Sinica (72, 168)

Gansu Research Group of Anti-Frost of Ditches
(80, 159)

Ministry of Coumunications, Institute of Highway
Science (127)

Lanzhou Institute of Glaciology and Cryopedology,
Academia Sinica (102, 112, 114, 116)

Water Congervancy Sciences Research Institute of
Heilongjiang Province (95)
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Appendix E

LANZHOU INSTITUTE OF GLACIOLOGY AND
CRYOPEDOLOGY, ACADEMIA SINICA*

Director: Shi Yafeng (Professor)
Vice Director: Wang Wenying (Senior Engineer)
Wang Zhuntai (Assistant Researcher)

Zhou Youwu (Assoclate Professor)

This Institute was developed primarily on the basis of an Alpine Ice
and Snow Utilization Team organized by Academia Sinica in 1958. 1Its first
task was the investigation of mountain glaciers of Northwestern China. In
1960 the research work of permafrost was added. In 1962, the crganization
was changed into the Division of Glaciology and Cryopedology, Institute of
Geography, Academia Sinica. It investigated mountain glaclers in West
China, the permafrost of the Qinghai-Xizang (Tibet) Plateau, and hydrology
of arid regions in Northwestern China, In 1964, the study of debris flow
was also started. In 1965, the Division of Glaciology and Cryopedology
amalgamated with the Division of Desert Research from Peking, forming the
Institute of Glaciology, Cryopedology and Desert Research, Academia Sinica,
and carrying on scientific studies on glaciers, frozen ground, desert and
debris flow. In June 1978, the Division of Desert Research was changed
into an independent institute, with the remainder forming the Institute of
Glaciology and Cryopedology. This Institute includes: 1) Division of
Glaciology; 2) Division of Cryopedology; 3) Division of Glacial~ and
Debris-flow Sedimentology; 4) Surveying and Mapping Service; 5) Analysis
Laboratories of Material Composition; 6) Research Laboratories of Remote
Sensing and Telemetry; 7) Library and Information Service; 8) Editorial
Board. At present there are 350 staff and workers,

The important research areas are as follows:

Glaciology: This Division mainly studies the distribution, physical

properties, variation and natural resources of ice and snow in China and

# Edited from the original English copy
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the action of Quaternary glaclation. Since 1958, the important regions
investigated are the glaciers of Qilian Shan, Tian Shan, Mt. Qomolangma and
Mt. Xixiabangma of the Himalayas and other alpine regions of Qinghai-Xizang
(Tibet) Plateau; control of avalanche and snow drifting in Tian Shan; and
the mechanics of ice jamming on the Yellow River, Since 1974, the research
has included the variation of glaciers In the Karakoram, repairing the
damaged section of China-Pakistan Highway in the Qilian Shan, and the
effective ntilization of water resources for the promotion of agriculture
in the Kansu Corridor. New achievements have becn made oan the forecasting
of advances and recesslons of glaciers. In recent years, with the help of
aerial photos and large-scale topographic maps, and {n accordance with the
specified requirements of the World Glacier Inventory Program, nearly 3,000
zlaciers in Qilian Shan have been pryperly iaventoucied. New progress has
been achieved in the fields of zlacial hydrology, the relations between
glaciers and climate, glacial sedimentation, Quateenary glaciation and
climatic variations.

Permafrost: We mainly investigate the formation, development and the
prevention of damage to permafrost along the Jinghai~Xizang Highway, in
several coal mining districts of Qilian Shan and also {in some places in
Northeast China. 1In recent years, we conducted research on the distribu-
tion and thermal properties and mechanics of permafrost along the Qinghai-
Xizang Highway and obtained a zroup of fundamental parameters on mechanics
and other data as required for railway design. The iavestigation of frozen
ground through the Tian Shan for the Southern Xin .Jiang Raillway has also
been taken up. Frozen soil mechanics (includiag frozen soil rheology,
frost heave forces, frozen strength and thaw settlement), frozea soil heat
capacity (frozen soil thermal heat conductivity, water migration, changes
in temperature fleld, etc.), ground ice, seasonal frozen soll aad other
fields have also been studied. Recently, a map of the permafrost distribu-
tion along the Qinghai-X1zang Highway at a scale of 1:500,000 has beean com-
piled, based on the characteristics of permafrost on the Qinghai-Xizang
Plateau.

Debris Flow: We mainly study glacial debris flow and the charactecis-
tics, distribution, formation, develgpment and preventive measures of

debris flow. 1In recent years, we investigated the debris flow along the
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Sichuan-Xizang Highway and ia Dongchuar dister v

Northwest provinces. Prevent{ive proje 's .am S LR

neering works of various plants, mfies, te ! fles ..
Sclentific data are useful for so-iallst asre,
Surveying and mapping: We are matn!. lov e
trial stereophotogrammetry of zlaciers, sereac-
have finished th%e 1:500,000 maps ot thne “eas o
the 1:60,000 maps of the Batura gla. ier ro:: . .
1:200,000 maps of Tomol Peak {1 "tan han ot .
several other districts.
Material analysis: Mainlv the mat=r:.
cold regions and trace elements (1 snow ind .
quantitative analytical data t) the stad. = . .
Remote sensing and telemetry: 1 recet coor.
thermometer has been fabricated and wt 2t x. .
is being used, and satellite images and rer ' 0 v o«
the analysis of changes {n glacfers, snuw 41! wt wa
amount of snow and ice resources, and the ' ire. 1.1
supplying new means for the studv ind devel ipmert - .
pedology.

Library and information: [n our librarv, ther. .ar.

books and more than 240 journals, Chinese, Fnglish, Rueatan,

etc. All of the above-mentioned publicatinas are related

disciplines with which we are concerned. 1In additton reportas,

4 4 Fac-

e

paper s

Jjournals and books are acquired from 20 natinas on a exchange hasts i~

from 200 institutes/orgaalzatlons {n China. M“ost recently we have begu: !

publish a quarterly with English titles, abstracts, and focelgn 1{1tocaartn

entitled "Journal of Glactiology and Cryopedology.”

Editorial Board: The final product of scienttfic {nvestigationa hv

the staff in and out of our institute takes the usual form of publica-

tions. Among others, the quarterly "Journal of Glaciology and Cryopedo-
logy” (in Chinese and with English abstracts) has been published by the

Editorial Board since 1979.
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*Presentatin was taped and has been translated into Chinese (Chinese copy
evatlabhle ot : RREL),
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Appendix G, Comments by J. Brown at the Closing Ceremony - Second
National Chinese Conference on Permafrost - Lanzhou
18 October 1981

I would like to, once again, express my appreciation to the Organizing
Committee for this opportunity to participate in the Conference. In the
last six days I have learned a great deal about Chinese permafrost and
frozen ground research, and the related engineering problems, It is my
observation that there are more organizations, researchers and engineers in
China than in the U.S. and perhaps Canada combined. The quality of the
research in China is very good. You also have developed extensive practi-
cal experience.

In the U.S. we are interested in many of the same frozen ground prob-
lems: 1) distribution of permafrost, 2) frost heave and properties of soil
and water, 3) geophysics, 4) remote sensing and mapping, 5) construction,

In the last ten years in the U.S. there have been many studies asso-
ciated with pipelines and roads. Our experience only goes back to the
1940's, So our research is not very old either,

During 1981, there was another permafrost conference. In March 1981,
the Canadians held a conference that was similar to the one held here in
Lanzhou this week. The publication of the Canadian proceedings will be of
great interest to you. It will contain reports on recent research in North
America. The proceedings will be dedicated to Dr. Roger Brown who died
last year. 1 will ask the Canadians to send copies of this book to you
when it is published.

Now for some comments about this conference. The Organizing Committee
is to be comgratulated for the excellent preparation for the conference.
The conference was very well organized. I personally appreciated the
English abstracts and translations. Many of the presentations were well
illustrated with 35-mm slides, lantern slides and photographs. This is the
procedure we use in the U.S. These visual aids help the audience to under-
stand the presentations., Many papers were available for distribution at
the conference. This 1is also very good as it gives the participants an
opportunity to study the reports. Following the presentations, there were
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some good discussions between the authors and the audience. This is also
very useful,

The summary papers on the first two days provided excellent reviews of
past research. These survey papers will be important contributions to the
international permafrost research. I hope the papers will contain litera-
ture references to the major published research. I look forward to receiv-
ing all of these papers.

1 attended Session I. I learned a great deal about permafrost distri-
bution, characteristics, and formation., I now appreciate the full extent
of permafrost in China. You have many excellent detailed observations
which are being published. The formation of ground ice, the degradation of
permafrost, the age of permafrost and periglacial features and thermal
conditions of the ground are all of great interest to me and my
colleagues. The comparison of these characteristics with those in North
America, Europe and Asia is very important.

It is my impression that the papers presented in Sessions II and III
were also very significant. The engineering aspects of permafrost and
frozen soil are very important in solving practical problems. We have the
same problems of designing, building, and maintaining roads and structures
on seasonally frozen ground and permafrost. Frost heave and permafrost
degradation are our major problems. You have many case histories or prac-
tical experiences with frozen soils, The reports from Session IIT will be
of great value to us.

In summary, both the quantity and quality of the work and papers are
impressive., I will take back many ideas to report to my colleagues in
North America. You have many excellent papers for the 1983 Conference in
Alaska. I wish the Conference organizers success in editing and publishing
the results of the conference. I will always remember this conference for
the scientific exchanges and for your friendship.

I look forward to seeing some of you at CRREL in 1982 and in Alaska in
1983. I also look forward to returning to China to see your frozen ground
under actual field conditions. Perhaps an international conference will be
possible.

Thank you once again,
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